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THE PRESIDENTE PINTO. 


Tuk Chilean cruiser Presidente Pinto, sister ship to 
the Presidente Errazuriz, was commenced with her 
sister in the shipyard of the Forges et Chantiers de la 
Mediterranee at La Seyne in August, 1889. The de- 
signs of the hull were prepared by the director of the 
works, M. Lagane, while the engines were designed 
and built in the society’s engine works in Marseilles. 

With a displacement of 2,081 tons, the principal di- 
mensions are as follows : 


ft. in, 


The hull is entirely constructed of steel, the frames 
and beams being for the most part of the | | sec- 


tion. An armored deck of steel, varying at the sides 


THE 


from 1°57 in, to 2°86 in. in thickness, and in the center 
from 1°18 in. to 1°38 in., is fitted ; the highest point of 
this deck being 31¢ in. above the water line. 

There is no double bottom, but the hull is divided 
transversely, below the armored deck, into twelve 
watertight°compartments, while with the exception of 
the bulkheads of the coal bunkers at the sides of the 

ilers, it is not divided longitudinaliy, 

The Presidente Errazuriz was launched on June 14, 
1890, and the Presidente Pinto two months later. 

th vessels are sheathed in teak, Canadian elm, and 
copper, the sheathing being carried well up above the 
waterline. There are two masts, one forward and one 
aft of the funnel, each of which carries double nilitary 
tops, arrangements being made in the interior of the 
masts for the hoisting of the ammunition to these tops. 
Aconning tower, with a total thickness of 3°15 in., is 
erected on the fore bridge for the protection of the 
commanding officer in action. The electric light pro- 
jectors are two in number, and are situated one at each 
end of the fore bridge. 

The propelling machinery consists of two triple ex- 
pansion engines, slightly inclined from the horizontal, 
in separate engine rooms, one forward of the 
On the steam trials the nuwber of revolutions 
for both ships under natural draught was 140, while 
under forced draught this was increased to upward of 
160 per minute, the speeds obtained being respectively 


17 knots and 184 knots per hour, the indicated horse 
power being 3,560 and 5,500. The air, feed, and circu- 
lating pumps are driven in each engine room by a 
separate engine of the vertical, compound, two-cylinder 


t 

‘Phe normal charge of coal is 170 tons, but provision 
is made for carrying 230 tons in time of necessity. With 
the former amount the ship should run 1,446 nautical 
miles at 15 knots and 2,550 miles at 12 knots; while 
with the latter and heavier charge the ship should 
be able to make a voyage of 2,550 nautical miles at 15 
knots, or of 4,500 miles at 12 knots. 

Four locomotive boilers, each fitted with three Fox’s 
corrugated furnaces, supply the steam for the machin- 
ery at a pressure of 160 lb. per square inch. 

"Phe sister ship, the Presidente Errazuriz, is armed 
with four quick-firing Canet guns of 15 centimeters 
(59 in.), placed on sponsons, two on each side; two 
qnick-firing Canet guns of 12 centimeters (4°7 in.), one 

laced on the forecastle, and one on the poop deck ; 
our quick-firing Hotchkiss guns ; four Hotchkiss re- 


the caves and tunnels on the seashore, produced by 
the action of the waves and tides, 

By these instances of nature’s work in tunneling 
human effort was inspired wany centuries ago. The 
tombs of kings and other renowned personages of 
Thebes were tunneled into hillsides for hundreds of 
feet, and the rock from which the pyramids were con- 
structed was quarried by the Egyptians by drivinga 
long tunnel into the mountain, from which cross and 

arallel galleries were driven, and large spaces, severa! 
—— feet wide, were cleared, the rock being cut 
by tube drills, saws, etc. In the days when Babylon 
was among the greatest cities of the world a tunnel 
was made under the river Euphrates and arched with 
masonry. Again, whenever the Roman army, in its 
peregrinations, required subterranean passages for 
roads, water supply, drains, etc., tunnels were made. 
In these early periods the means for tunneling were 
rude, although the engineering may have been skillful, 
as was the case in the construction of a tunnel for the 
drainage of Lake Fucinus, completed A. D. 52. This 
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volvers of 37 millimeters (145 in.) ; two Gatlings of 11 
millimeters (0°43 in.), fitted in the tops; and three tor- 
pedo discharging tubes, situated one right forward 
and one on each broadside. 

The Presidente Pinto is designed to be similarly 
armed.— Engineering. 


THE STAMPEDE OR CASCADE TUNNEL ON 
THE NORTHERN PACIFIC R.R. 


By CHARLEs W. HoBarr. 


AMONG the test feats of engineering skill at the 
present day is the making of tunnels through moun- 
tains of solid rock, under bodies of water, and through 
the soft earth, for mining and traffic purposes. The 
ancients caught the idea of tunneling from the works 
of nature, whose forces accomplished wonderful feats 
even before man learned to control them for his own 
convenience. 

The deep og eahons and caves in this and other 
countries show the power of rnnuing water. In Asia 
a hill is pierced by a river, forming a natural tunnel 
through which it flows. There is another natural tun- 
nel of this precise nature in Eastern Tennessee through 
which a line of railway now runs. The Mammoth Cave 


of Kentucky, and similar subterranean chambers else- 
where, of nature’s tunneling; as also are 


tannel was 34¢ miles in length, and 22 shafts, some of 
them 400 ft. in depth, were used, througb which the 
rock and dirt were hoisted in copper buckets by wind- 
lasses. We are told that it took 30,000 laborers eleven 
years to complete this work, which was then the long- 
est tunnel in the world. 

Coming down to the present century, the advent of 
the railway enormously increased the demand for tun- 
nels to open highways through great natural tarriers. 
Within the past 35 years stupendous feats of mountain 
tanneling for railway uses have been accomplished 
through the skill of engineers, and the courage and 
ability of contractors. Whi'e full details of nearly all 
these important works have been given in the columns 
of Engineering News, a brief resume of some of them 
ot be of interest. 

he Mont Cenis tunnel, 71¢ miles long, was com- 
mepeed in 1857, and was worked by hand drills from 
both ends, until 1861, when machine drilling was ap- 
plied. It was completed in 1871, waking the total time 
of construction 14 years. The average progress was 
7-71 ft. per day. The average cost was $380 per lineal 
foot. It is well to note that the cost of labor employed 
upon this work was only about‘one shilling, or 24 cents 

r day, while in the United States similar labor costs 

rom $3.50 to $4 per day. 

The St. Gothard tunnel, 94¢ miles long, was com- 
menced in 1872 and ‘completed in nine years, Com- 
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air drills were used throughout, from six to 
eight Ferroux drills making 180 blows per minute, 
being attached toa carriage. The average rate of pro- 
gress was 6°01 lineal ree per day, and the cost was 
$740 per lineal yard. he system of tunneling adopt- 
ed was to run upper headings 8 ft. square in advance 

The Arlberg, the third of the Alps tunnels, 644 miles 
long, was began in 1880, and completed in 1883—over 
three years. The average progress of the work was 
9°07 lineal yards per day, and the cost was $54 per 
lineal yard. This tunnel was worked from both 
ends, and the system of tunneling differed {roi the 
others in that the main heading was excavated from 
the bottom instead of from the top. Ferroux's percus- 
sion drille and Brandt’s rotary hydraulic drills were 
used. Steam dump cars were used instead of mule 
cars, as in the Mt. Cenis and St. Gothard, which great- 
ly expedited progress. The Hoosac tunnel, which ex- 
tends through the solid slate rock of Hoosac Mountain 
a distance of 4°4 miles, was commenced in 1855 and 
was completed in 1874—over 19 years. It cost the 
State of Massachusetts about $16,000,000. When the 
Hoosac tunnel was completed it was the longest tunnel 
in the world, except the Mt. Cenis. The St. Gothard 
and the Ariberg, since completed, however, both excel 
itin length, as above stated. The longest artificial 
tunnel in the world, however, is the new Croton aque- 
duct tunnel, extending from the Croton Dam to the 
Harlem River in New York City, a distance of 384 
miles. It is 13%¢ ft. in width and height, and supplies 
the water for about a willion and half of people. 

We now come to what was, in some respects, the 
grandest achievement of them all, when all the diffi- 
culties overcome are taken into account, the Stampede 
or Cascade tunnel. 

The Cascade range of mountains extends from British 
Columbia through Washington, Oregon and California 
paralleling the coast of the Pacific at a distance of 
about 75 miles inland for its whole length. Its highest 
po rival those of the Rocky Mountain range in 
altitude. 

From the time it was determined to make Puget 
Sound the western terminus of the Northern Pacific 
Railroad, the question of a feasible route across the 
Caseade range for the road was prominently before 
the company. Between the years 1873 and 1884, seve- 
ral proposed routes were examined by the company’s 
engineers, of which those via the Natches, Stampede 
and Snoqualmie passes were promineut. During this 
period there was considerable effort on the part of the 
eity of Seattle to secure the selection of the Snoqual- 
mie route, which would bring the railway to that city 
as a terminus, and by Yakima and Tacoma to secure 
the adoption of the Natches route, which would make 
Tacoma the natural terminus. 

The decision was left, however, la 
ment of principal assistant engineer V. G. Bogue, who 
finally recommended the Stampede route, lying be- 
tween the other two routes. One reason for this choice 
was that the road would thus traverse the entire Yaki- 
ma valley, including the most fertile portion of Kitti- 
tascounty. This route,as recommended by Mr. Bogue, 
was adopted by the company in the fall of 1884. Each 
of the routes required a tunnel through the backbone 
of the Cascade range, but the Stampede tunnel was 
the longest of the three. 

The altitude of the mountain beneath which it was 
necessary to tunnel is 3,970 ft. above the sea level, and 
the greatest thickness over the top of the tunnel is 
more than 1,400 ft.. the average depth being about 
1,200 ft. The elevation of the east portal of the tunnel 
erase the sea is 2,827 ft. and that of the west portal is 

,800 ft. 

In 1885, the year after the adoption of the Stampede 
Pass route, the final location of the tunnel was made, 
with bat slight deviation from the preliminary line. 
To secure the greatest possible accuracy, the large and 
dense coniferous timber was slashed down along the 
line.of the tunnel over the mountain through which it 
was to be driven, in order to check the alignment and 
establish bench marks and reference points over and 
at each end of the tunnel. Tree trunks about 4 ft. in 
diameter were cut into sections 5 ft. long, and these 
were piled on top of each other to form signal towers. 
The line was thus carried over the mountain with the 
use of long sights and few stations, the latter located 
as pearly equidistant as possible, thus diminishing the 
chances of error. 

It should be especially noted that only the ordinary 
instruments were used in making the final location 
over the mountain, and in carrying the line into and 
through the tunnel the only extra attachment used 
was a very sensitive babble fixed to the axis of the 
telescope of the transit, at right angles to the line of 
sight. [am informed by engineers, and through re- 
cords of tunnel surveys in this and other countries ex- 
ceeding a mile in length, that special instruments are 
generally used for such work. As noted further on, 
the alignment and grade of this tunnel did not vary an 
inch when the two ends met. 

On January 21, 1886, 12 bids were opened at the 
Northern Pacific offices, in New York City, for boring 
a tunnel about two miles long through the Cascade 
Mountain range and completing it in twenty-eight 
months. Of these bids that of Nelson Bennett was 
the lowest. iThe Northern Pacific engineers made a 
thorough survey of the site of the work and the facili- 
ties for reaching it with waterials, investigated im- 
provements in rock drilling machinery, and concluded 
that the work could be done within twenty-eight 
months. Other bidders of practical experience in such 
work fixed their figures at double those of Mr. Bennett, 
because of the limit of time in which the work must 
be completed under forfeit of $100,000 and 10 per cent. 
of the entire contract price besides, and because of the 
great difficultiesjeonfronting them in getting their ma- 
chinery, ete., on the 

So short was the timejand so grave the difficulties 
that Mr. Bennett submitted two bids—one for complet- 
ing the work within the twenty-eight months required 
under the stated forfeit, and another bid, $100,000 less 
in amount, conditioned on a release from the time 
limit and reliance on his agreement to push the work 
at the highest possible speed. This second bid, how- 
ever, the company declined to consider ; but it accept- 
ed the first bid, and a contract was on that day signed 
by which Mr. Bennett agreed to complete the tunnel 
within twenty-eight months from January 21, 1886. 

Mr. Bennett had been a railroad contractor since 


ly to the judg- 


1881, and had constructed over 250 miles of the North- 
ern Pacific through Montana, under the firm name of 
Washington Dunn & Co., and about 150 miles of the 
same railway from the Columbia River toward the 
Cascade range in Washington, on which he was en- 

when the tunnel contract was awarded him. 
One of the controlling reasons why Mr, Bennett bid so 
much lower than some of his competitors was his con- 
fidence in the conclusion of the engineers that the 
work could be done within the prescribed time. He 
knew them personally and had done contract work 
under them, while the other bidders, lacking this 
knowledge, hesitated to rely on the engineers’ close 
estimates. Another reason was his practical experi- 
ence of what could be done in hastening work by a 
judicious selection of men and appliances with which 
to work, 

On the day the tunnel contract was executed Mr. 
Bennett telegraphed his general manager, Capt. Sid- 
ney J. Bennett, at Yakima, to gather a force at once 
and clear a road to get the machinery on the ground. 
This Mr. Bennett purchased and shipped while in New 


York. The equipment consisted of 5 engines, 2 water | 
above some of them. At the west end 15 ft. of snow 


wheels, 5 air compressors, 8 70 H P. boilers, 4 large ex- 
haust fans, 2 complete electric arc light plants, 2 miles 
of 6-in. wrought iron pipe, 2 miles of water pipe, 2 
fully equipped machine shop outfits, tools, etc., 36 air 
drilling machines, several tons of steel drills, 2 locomo- 
tive engines, 60 dump cars, 2 saw mill] outfits, one for 
each end, telephones for each end of tunnel and each 
working point therein, and other necessaries of less in- 
terest from an engineering standpoint. 

All this plant was shipped by rail to Yakima, Wash., 
then the end of the track of the Northern Pacific 
transcontinental line. From this point it had to be 
transported on wagons and sleds a distance of 82 miles 
to the east end and 87 miles to the west end of the tun- 
nel. The first wagon loads started Feb.\1 and the first 
compressor boiler Feb. 22, 1886. It took from this 
time until June 19 to haul the machinery and imple- 
ments to the east portal and place it in operation, and 
it was not until Faly 15 that the machinery reached 
the west portal—only 7 miles further—and was in place 
ready for operation. Meantime, however, a force of 
men reached the east portal Feb, 1, to clear the ap- 
proach. On Feb. 13 hand drilling was started, and 411 
ft. had been driven on June 19, when machine drilling 
commenced. About March 1, a force of men also 
reached the west end to clear the approach, and on 
March 15, hand drilling was started. he work had 
extended 4881¢ ft. at this end when machine drilling 
began, Sept. 1, 1886. 

The most difficult part of this great undertaking was 
this assembling of men and materials in preparation 
for the actual work. Getting the me | on the 
ground was a hereulean task; and nothing is hazarded 
in the assertion that not one man in a thousand would 
have had the courage to persevere in the work in the 
face of the difficulties and delays encountered. As be- 
fore noted, the mach inery and material were trans- 
ported by wagons and sleds 82 and 87 miles between 

eb. 1 and July 15, fr om an altitude of about 500 ft. to 
that of 4,200 ft. (the machinery for the west end lrav- 
ing been hauled across the summit of the divide), 
through deep mud and snow, and for much of the dis- 
tance through thick and heavy coniferous forests and 
over steep mountains. 

For the entire distance, until the mountain range was 
reached, the course was over hills, through valleys, 
across streams, and wach of the way along an un- 
traveled route. For the last fifteen miles of this dis- 
tance before ascending the Cascade range, the mud 
was so deep (the result of a ‘‘ chinook” or thaw) that 
it was impossible for the double teams to haul the 
wagons, which sank in the mire to the hubs. To over- 
come this difficulty, planks had to be brought from 
saw mills, miles in the rear, and laid down lengthwise 
in front of the wheels of each wagon of the train. As 
fast as the train passed over this improvised tramway, 
the planks were hauled to the front and laid down 
again. The mode of hauling the wagons over these 
planks was 7 block and tackle, with the rope tied to 
the end of the wagon tongue and a team attached 
to the other end, while the men guided the wagons on 
the planks by the tongue. By this means all the 
heavily loaded w: ns of the train were worked along 
over the 15 miles of miry road at the rate of about one 
nile a 

These difficulties passed, the ascent of the mountains 
began and the obstacles to the journey were increased. 
Snow was encountered so deep that it was necessary to 
improvise sleds from small fir trees and transfer the 
loads of keavy machinery, etc., from the wagons to these 
sleds for transportation the remaining distance. So 
difficult and perilous was the new wade road, running 
along gorges 500 to 1,000 ft. deep, and precipitous 
mountain sides where it was impossi ble for the teams 
to haul the loads, that the block and tackle had to be 
again used for hauling. By its aid the heavy loads 
were slowly worked along for eight or ten wiles until 
the east end of the tunnel was reached ; and part of 
them had then to go seven miles farther to the west 
end of the tunnel. 

The preparation and organization necessary for this 
great work were stupendous. Like an army, it required 
a corps of men to wove in advance to cut and prepare 
the road, build bridges where required and establish 
camps and way stations. These were located at inter- 
vals of about twelve miles along the road from the 
base of supplies to the tunnel, about the distance a 
loaded team would make in a day. Canvas tents were 
pitched and accommodations were provided for lodging 
the men and teams hauling supplies up to the tunnel. 
To all these stations supplies were furnished from time 
to time as required. During the four months in which 
machinery and implements were being transported 
from Yakima to the tunnel there were upward of 100 
teams on the route and several hundred men. The 
progress of the heavily loaded teams was so slow—from 
one to five or six wiles a day—that tents and supplies 
were carried with them and camp was made wher- 
ever night overtook them if they failed to reach a 
station. 

Besides the great task of hauling the machinery and 
supplies to the tunnel, p rations had to be made at 
the same time for establishing the plant at each end 
and also pushing the work as far as possible with hand 
drills. The following extract from the first report of 
the superintendent of the work to the general office of 


Bennett, at Tacoma, a will give an idea of the ob- 


Mr. 
stacles met in this part of the : 
“Pre. 18, 1886. 


“On Feb. 9 I found things at Cascade tunnel thus. 
Before we could get to the east end of the tunnel we 
had to shovel aroad 100 ft. long —— snow 6 to 8 
ft. deep. At the face of the tunnel there were 200 
miner’s in. of water falling from the top of the biuff, 
170 ft. above, which had to be turned. We made a 
cut through snow and ice 20 ft. wide, 8 to 10 ft. deep 
and 150 ft. long, to get to the portal of the east end. In 
order to reach the west rtal it was n to 
shovel a trail 4 ft. wide and 4 miles long through snow 
from 4 to 20 ft. deep. The grade of the railroad is 20 
ft. below the bed of the creek, and 10,000 yd. of solid 
rock excavation must be made before it can be reached 
and also a 1,600 ft. haul for waste dump.” 

Besides this, houses in which to feed and lodge the 
men, stables for the ene saw mills, machine and 
other shops, stores for supplies, ete., had to be erected 
at each end of the tunnel. For those at the east end 
20 ft. of snow had to be shoveled away to get a ground 
foundation, and when built the snow was several feet 


had to be shoveled away for the same number and 
character of buildings. 

The mountain through which the tunnel is pierced is 
the backbone, so to speak, of the Cascade range at 
that point. Two of the largest rivers of the State 
have their source at the foot of this mountain. One, 
the Yakima, rises a few miles north of the eastern portal 
of the tunnel and flows eastward toa junction with 
the Columbia River at Pasco, forming a chain of breaks 
in the hills and mountains. The other stream, the 
Green River, rises a few miles south of the tunnel, 
courses along the western base of the same mountain, 
and flowing westward from near the west rtal of 
the tunnel, forms a series of 8s through the moun- 
tains and foot hills to Puget Sound. 

The valleys of these two rivers formed a favorable 
route for the railway line, and enabled it to reach the 
heart of the Cascade range from either side, where only 
the main backbone of the range remained to be 
pierced. Moreover, the broad and fertile valleys of 
these rivers, along which the Northern Pacific R.R. 
extends from Puget Sound to the Columbia River. 250 
wiles, furnish the road with a vast amount of traffic. 

Before the railway was completed to the east end of 
tunnel, it was determined to build a temporary line 
across the mountains for use until the completion of 
the tunnel. Its grade was 300 ft. per mile, and several 
switchbacks were used. This bold and skillful piece 
of engineering was executed under the direction of 
Mr. H. 8. Huson, principal assistant engineer of the 
Northern Pacific zB R., after the retirement of Mr. 

ue. 

he switchback was planned and constructed as a 
matter of direct economy, as well as for the benefit 
gained in hastening the opening of the through trans- 
continental line. It cost the railroad company 
$400,000, and the receipts from the business over it 
from its a July 2, 1887, to the completion of 
the tunnel, May 14, 1888, were about $500,000, 

Travelers over the line who had the good fortune to 
cross the mountains by the switchback line were 
amazed at the genius and boldness with which the 
as had planned this remarkable railway, espe- 
cially on the western slope of the range, near the west 
portal of the tunnel, where five tracks were visible, one 
above the other, zigzagging up the mountain side. Fre- 
quent also were their exclamations at the courage and 
energy of the contractor when they saw the zigzag road 
cut through the heavy forest along the steep mountain 
side up which he had hauled the heavy machinery re- 
quired for boring the tunnel. 

I doubt whether any tunnel was ever undertaken 
where the difficulties and the cost in reaching the site 
and preparing for work were so great as at the Cascade 
tunnel. About six months were occupied in clearing 
the way and getting the machinery and material to the 
work, at a cost to the contractor of $125,000, before the 
tunnel work was commen The St. Gothard and 
Arlberg tunnels in the Alps, and the Hoosac in this 
country, were attended with no such difficulties, as 
they were built in old settled countries. Not only 
were great depths of snow encountered in the Cascade 
wountains, but the course of two streams of water had 
to be changed at each end of the tunnel. One of these, 
at the east end, fell directly over the portal ata dis- 
tance of 170 ft. from the steep cliff above. 

By the terms of the contract, the Cascade tunnel 
was to be 1644 feet wide in the clear and 22 feet in 
height, and was to be completed by May 21, 1888, or 
28 months from the date of the contract. As we have 
seen, about six months of this had passed before the 
machine drills were put in operation, thus leaving but 
22 months for the actual boring of 8,950 feet of tunnel, 
900 feet having been driven with hand drills during the 
first six months. 

The method of driving the tunnel was as follows : 
An 8 foot heading was driven along the top of the 
tunnel, and was kept about 30 feet in advance of the 
bench, where the tunnel was excavated to its full size. 
With the exception of about 500 feet inward from 
each portal, where the rock was firm and stable, the 
entire tunnel was timbered as fast as the work pro- 
gressed. The timbersof the heading rested upon the 
bench, and as that was removed other timbers were 
put in its place. 

The Arlberg tunnel in the Alps was driven by a bot- 
tom heading, and at intervals of 100{feet a shaft was 
driven upward from this heading to the top of the 
tunnel section and a top heaaing 6°56 by 8°2 feet was 
then driven each way from this shaft along the crown 
of the tunnel. All the work except driving the bot- 
tom heading was done with drills. [See Hngineer- 
ing News, Jan. 19, 1884.] This made an extrewely 
rapid system of tunneling and a very expensive one as 
well. economy of money as well as time was ur 
gent at the Stampede tunnel, the ordinary top heading 
system was used. 

The work on the Stampede tunnel was under the su- 
perintendence of Capt. Sidney J. Bennett, a brother of 
the contractor, and a detailed report was made daily 
to Mr. Nelson Bennett at his office in Tacoma. From 
the time the machinery was placed in full operation at 
the tunnel until its completion, the average number 0 
men employed at the tunnel was 350. They were 
employed by the day of 10 hours, and were paid from 
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$2.50 to $5 per day, according to the character of the 
work and the skill required, wages being paid larly 
and promptly at the end of each month. ting 
and lodging houses were established by the contract- 
or near the portals of the tunnel, where the men 
were boarded at 75 cents per day. In addition to the 
daily wages a bonus was paid to all men working in- 
side the tunnel, as follows: For every foot gained dur- 
ing the month over the necessary average of 13°58 feet 
per day, each laborer, doing continuous duty through 
the month, was paid 25 cents extra, and each drill man 
or expert workman was paid 50 cents éxtra. 
Work was carried on every day and night in the 
year, requiring two shifts in each end, each compos- 
ed of about 75 men. Besides these workmen there 
were the engineers, firemen, carpenters, machinists, 
ete. The monthly pay roll amounted to about $30,000. 

During November the progress was 234¢ feet less 
than the necessary average, and in December the work 
was delayed by rain, which flooded the east end, and 
the total progress was 9 feet short. It will be rember- 
ed that the drilling machinery did not get into opera- 
tion at the west end until Sept. 1. Work in the east 
end with machine drills began about 70 days earlier, 
making an average of about five months of machine 
work in the tunnel during 1886. The progress made 
to the end of the year was 48 feet short of the average 
required. In January, 1887, there was a gain in the 
rate of progress over the required average of 241¢ feet; 
but in the seven following months the progress was 
8601¢ feet below that required, so that on Sept. 1 there 
was 410 feet to be made up. The greatest loss was in 
May, 1887, when the progress fell 146 feet short of the 
required amount. This was chiefly due to the flood- 
ing of the tunnel, the bad condition of the bottom 
and the quitting of workmen. 

Bat the difficult task of making up this time was suc- 
cessfully accomplished. In the eight anda half months 
from Sept. 1, 1887, to the completion of the tunnel, May 
14, 1888, there was a total gain of 4541¢ feet over the 
regular progress at the rate of 13°58 feet per day. The 
greatest progress in any one month was made in April, 
1888, when the total advance in the two headings was 
540 feet, an average of 18 feet per day. 

The rapid advance in the rate of progress of the 
work during the latter part of the time was due par- 
tially to the removal of the local engineer under 
whose immediate direction the work was begun, be- 
tween whom and the contractor’s superintendent 
there was some friction. A change was demanded of 
the railroad company by the contractor, in order that 
the progress of the work might not be jeopardized; 
and after it was made the advance in the rate of pro- 
gress noted above made possible the completion of the 
tunnel in advance of the schedule time. 

During the progress of the work there was no little 
rivalry between the forces working at the two ends to 
see which would make the greatest daily progress, and 
also do the largest portion of the whole work. This 
gave a stimulus that added considerably to the rate 
of progress. 

The length of the tunnel from portal to portal is 
9,850 feet—710 feet short of two miles. Of this dis- 
tance 8994¢ feet was driven by hand drills, leaving 
8,9504¢ feet to be driven by the machine drills. Ave- 
raging the time during which machine drilling was 
carried on at the east and west ends, we have 213g 
months as the time spent in driving this distance, 
—— the average rate of progress 413 feet per 
month. 

On May 3, 1888, the drilling forces in the headings 
met at a point about midway of the tunnel, and the 
line and levels carried in from each end by the engi- 
neers were found to check with a variation of less than 
aninch. On May 14 the excavation was completed, 


itro-gl ‘0, of 
Kind of explosive. 
per cent. used, 
Nitro-giycerine No. 2.......... 2382 
Forcite No. 2....:....... 


The use of powder by months for the first months 
of 1887 was as follows: January, 489 boxes ; Febru- 
ary, 36814 boxes ; March, 324 boxes ; May, 26914 boxes. 
a average price paid for all. explosives was $10 per 

ox. 

Considering the character of the work, the number 
of men employed, and the fact that it was in progress 
over two years, accidents were rewarkably few. The 
total number killed during the progress of the work 


| timbering was required. 


fourth the time, an important matter when time was 
the vital thing, as in this case. 

During the period of hand drilling the number of 
men nas in each heading averaged about 17 with 
about 23 muckers, and the daily progress made wax 
about 4 lineal feet of tunnel per % hours. During the 
period of air drilling the number of drills used averag- 
ed 5 per day in each end, or 10 in both ends, and the 
pranee made was about 18°8 lineal feet per day of 24 

ours, or 6 9 feet per heading. 

While the contract size of the tunnel was, as else- 
where noted, 1644 feet wide, and 22 feet from subgrade 
to face of arch, the timbered sections had to be exca- 
vated 191¢ feet wide and 23 feet 10 inches high, thus 
requiring 15°70 cubic yards more of rock to the lineal 
yard to be taken out than in the sections where no 


The timbers used for posts, segments and wall plates 
throughout the tunnel were 12 by 12 inches, and the 


sills were 8 by 12 inches, Five segments were used in 


was 13. A hospital was established at the tunnel, where 
sick and injured workmen were cared for at the nom- 
inal rate of $1 per month. 

To Mr. E H. McHenry, now principal assistant en- 
gineer of the Cascade or Western division of the 
Northern Pacific R.R., the writer is indebted for the 
official maps and the profile of the tunnel and its sur- 
roundings published herewith. To Mr. McHenry be- 
longs the credit for the engineering work on the tun- 
nel, as he had entire control of the work during the 
greater part of the period through which it extended. 
Credit should also be awarded to Gen. Adna Ander- 
son, engineer in chief of the Northern Pacific R.R. 
Co. at that time, for the general supervision of the 
work. The following data concerning the work were 
furnished to the writer by Mr. Andrew Gibson, em- 
ployed as assistant engineer in the construction of the 
tunnel, and now in charge of the work of lining it with 
masonry. 

The American method or center cut system was 
adopted, and in blasting from 20 to 23 holes averaging 
about 12 feet in depth were made in the headings and 
about 18 holes of the same depth in the benches. 
Each drill would make, in medium hard rock, 6 or 7 
holes in 5 hours. There were times, however, when 
an exceedingly hard layer of rock would be struck and it 
would take as much as 15 hours to accomplish the same 
work. About 400 lb. of powder were generally used 
at each blast in each of the headings and benches. 
This would break usually from 8 to 12 lineal feet of 
tunnel rock. At times, however, in very hard rock, 
only about 4 lineal feet of heading and about 6 feet of 
bench would be broken at a blast. 

The headings were taken out full size, so that the 
arch timbering was carried forward on the bench to 
within about 20 feet of the face of the headings, 
when the rock was of a character to require this for 
safety. 

Therock through which the tunnel is driven is of a 
basaltic character, with a dip of the strata toward the 


THE “GO-DEVIL.” 


| benches, cars were run up close enough to shovel the 


seven days before the expiration of the contract time. 


west of about 5°. It was necessary to place perma- 


the arch, covered with 4 by 6 inch pieces. The vacant 
spaces above these to the rock roof were filled with 
cord wood and other solid packing. The spacing of 
the bents was according to the character of the rock, 
but was generally frow 2 to 4 feet. 

One great obstacle usually found in tunnel work, the 

resence of underground water, gave little trouble 
aes except at the portals. In fact, only ee pe of 
any importance was found in the entire len of the 
tunnel, This was encountered about 2,000 feet from 
the east portal, and its water was led to the side 
ditches and got rid of without trouble. 

Until the work had extended into both ends of the 
tunnel about half a mile, mules were used to haul out 
the dump cars of broken rock. Beyond this point 
sinall locomotives were used as the motive power, the 
grade being so very light that they could haul eight 
to twelve cars, thus waking the cost of hauling out the 
debris comparatively very light. In mucking out the 


rock into them. In taking out rock from the headin 
gang planks were used, extending from the top of the 
benches toa carriage composed of two frame bents, 
each being upon two wheels, about 18 inches in diame- 
ter, resting upon rails 16 feet apart. These bents were 
connected at the top with 12 by 12inch caps extend- 
ing from one to the other, and were strongly braced 
from caps to bent posts. A platform was built with 4 
by 12 inch planks, on the top of which drills, shovels, 
ete., were placed when notin use. Under this car- 
riage two cars were placed under two openings, 
through which the rock from the headings was dump- 
ed with wheelbarrows. Of this carriage Mr. Bennett 
says: 

**It was used during the construction of the entire 
tunnel, and we found it of great convenience in expe- 
diting the work. The projection leading to the head- 
ing was 30 feet in hagth. The men wheeled the rock 
from the heading directly on to the platform of the 
carriage, dumping into a car that stood behind the car 
used for the bottom or lower work. 
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THE STAMPEDE OR CASCADE TUNNEL—PROFILE ON LINE OF TUNNEL. 


The railroad track was laid through within the next 
two days; and the tunnel was cleared out and put in 
shape for use. On May 22 the first regular trains ran 
through the tunnel. 

The total amount of blasting powder used in the 
tunnel for the entire work was 6,192 boxes of 50 Ib. 


each, naien a total of 309,625 lb. ‘This explosive 
= sone different grades, as shown in the follow- 
e: 


nent timbers close to the headings by means of wall 
plates, the dip of the strata and the general lack of 
tenacity of the rock rendering it not sufficiently strong 
to sustain itself in the tunnel. The placing of this 
permanent timbering required great care, and necessi- 
tated compact packing of wood and wedging to secure 
a continuous bearing upon each segment and make all 
safe. The timbering necessitated a delay of the drill- 
ing and clearing forces or **muckers” of about one- 


| upper, or heading, work never interfered 


“* As seen by the end elevation, this carriage strad- 
dled both tracks in the tunnel, and was operated on 
a separate rail altogether. Before blasting, the men 
loaded all their tools, etc., upon this carriage, and ran 
it back from the face for some distance. After a blast 
they ran it forward again. Thus the men could get to 
work jast as soon as the face had sufficiently cleared 
of gas and smoke to enable them to find the wa a = 


i 
~ 
Pp. 
| : 


18210 SCIEN 


NovemBer 7, 1891, 


lower, while both could be carried on simultaneously. 
It was a great convenience also in timbering as well as 
in the manipulation of the electric lights, ete. 

“I attribute the rapid work in this tunnel very 
lartely to this device ; and while there is no doubt 
that if can and will be greatly improved, we had no 
trouble in operating it as shown in the drawing. The 
men named it ‘The Go-Devil.’ ” 

As originally designed this carriage had two endless 
belt conveyers, one extending out along the front pro- 
ection, and the other inclined downward to the breast. 

hese were to be driven by a steam engine on the rear of 
the carriage by chain and sprocket wheel connections, 
and were intended to automatically convey the rock 
thrown upon them back to a hopper ewptying into 
the dump car, These conveyers, however, were nev- 
er used, as with the large number of men employed 
to push the work it was found they would be too much 
in the way. 

The material pierced by the tunnel consists, to a 
considerable extent, of shale, which swells upon expo- 
sure to the combined action of moisture and air, the 
result being to exert a great pressure upon the timber 
lining. The pressure has repeatedly been so great as 
to reduce 12 inch timbers toa thickness of 4 inches, 
This action became apparent soon after the comple- 
tion of the tunnel, and it became evident that perma- 
nent lining would be necessary. After careful consid- 
eration it was decided that a lining of such character 
as would exclude the air from the shale would prevent 
the swelling ; consequently that it would not be neces- 
sary to provide masonry to resist the forces communi- 
eated by the swelling material, and its action upon 
the timber lining. This having been decided, work 
was at once commenced, and has been in progress 
ever since under the immediate direction of the com- 
pany. The material used in this masonry lining is 
eonecrete for the walls and brick for the arch. The 
concrete is composed of broken stone 5 parts, sand 2 
parts, andcement 1 part. The minimum thickness of 
the side walls is 3 feet. The arch is lined with best 
brick laid in cement mortar, and at no point is the 
thickness of the ring less than 2 feet. 

The method of constructing this masonry work is 
briefly as follows : Where the spaces between side tim- 
bers or posts are 4 feet, one post is removed, the arch 
timbers over it being braced and supported by the posts 
on either side, thus leaving a space of 7 lineal feet to be 
built up with concrete. Then the posts adjacent to the 
one removed are left in}place, and the posts next beyond 
them on either side are taken out. This operation is 
continued until several 7 foot sections of timber are 
removed, and the concrete built up in their place has 
become sufficiently hard to support the arch timbers— 
say in eight or ten days. On these concrete supports 
the arch timbers are then blocked up; and the re- 
maining posts are taken out and their spaces filled 
solid with concrete, thus making the wall continuous. 
Two inch plank, held in place by false posts, are used 
to hold the concrete in place while it hardens. The 
mortar for the conerete is prepared outside, and is 
taken into the tunnel on platform cars having their | 
floor on a level with the top of the walls. On either | 
side of the cars are two spouts, and when the mortar 
is ready for use, the gates of these spouts are morsow { 
and the wortar runs into the space behind the plank 
with no shoveling. The broken rock is then brought | 
in on flat cars, shoveled into the mortar and mixed | 
with it. 

The work is carried on under difficulties, of course, | 
due to the interruption of passing trains. It has been | 
in progress two years and will require several years 
more to complete. 

In laying the brick for the arch the only novelty 
is in the use of a portable platform on which the| 
masons work, which can be raised or lowered as de- 
sired. 

The tunnel is lit for its whole length by electrie light; 
the total number of 30 c. p. Edison incandescent iamps 
used is 296. 

The total cost of the Cascade tunnel tothe Northern 
Pacifie Railroad Company, under Mr. Bennett’s con- | 
tract, was $1,160,000, or $118 per lineal foot. By its 
completion the company secured a permanent route 
across the Cascade Mountains with maximum grades 
of 116 feet per mile. The accompanying tables taken 
from the original records show the detailed cost ‘to the 
contractor and to the railroad company of the work 
done on the tunnel during the month of November, 
1887. 


Cost oF WorK DONE ON THE CASCADE TUNNEL 
DURING THE MONTH OF NOVEMBER, 1887. 


COST OF WORK TO CONTRACTOR, 


Cost per lin. foot $74.26, or total. ......... $37,427.52 


COST OF WORK TO N. P. RR. 


Standard section, 504 lin. ft. @ $78. $89,312.00 
Extra excavation, 1,683 cu. yds. @ 


Timber lining, 160,000 ft. @ $85..... 5,600.00 
Cost per lin. ft. $104.14, or total............ $52,485.50 | 


Contractor’s profit $29.87 per lin. ft. or total, $15,057.98 | 


NOTES. 


Progress.—East end, 246 ft.; west end, 258 ft.; total, 
504 ft.: daily average, 16°8 ft. 

Timber.—Lining was required for the entire length 
exeavated in November. 

Rock.-—Was of same general nature as portion of 
tunnel already excavated, a soft basaltic, which drills | 
well, but disintegrates rapidly on exposure. 

General.—There are no doubt discrepancies in this 
statement, but the totals are believed to be substan- 
tially correct. The month of November was favora- 
bie in every respect for the contractor, excellent pro- 
gress was made (the best since work was begun) and 
pon 4 were no accidents or other interruptions to the 
wor 


| 821 cu. yds. extra excavati'n @ $4.50 


| cifie R.R. 


TIFIC AMERICAN SUPPLEMENT, No. 827. 
KAST END. 
Labor. 
Superintendent, 4¢ mo. @ $500........ 00 
Master mechanic, 75.00 
Engineers, 4x30=120 days @ $4 .. ... 480.00 


Mach’e repairers, 3X30=90 d’s @ $38.50. 315.00 
Firemen 2x30=60 @ $2.50. 150.00 
Blacksmiths 8x30=90 @ $4... 360.00 

helpers, 3x 30=90 “ @ $2.50. 225.00 


Carpenters, 354 days @ $3 ... .. .... 1,062 00 
Foremen, 160 @$4.50(average) 720.00 
Drillmen, 298 “ @$3.50.......... 1,025.50 
Chuckmen, 286 ‘ @ $8.00.......... 858. 

Mueckers 1,097 @$2.75.......... 3016.75 


Nippers, 60 @ $2.50 


Dumpmen 60 “ @$2.50......... 150.00 
Car drivers, 60 ‘“* @§$250.. ....... 150.00 
Timekeeper, 30 ‘“ @$2.50.. ...... 75.00 
Lampmen, 60 @ $2.50 ......... 150.00 


Laborers, 550 “ @ $2.50.......... 1,375.00 
Bonus to employes for daily pro- 


gress over 6 feet..... 
———— $11,062, 25 
Material. 
82.000 feet timber @ $10 .. .......... ' 
762 lb. wrought iron @ .06 ........... 45.72 
62'¢ cords wood . 187.50 
240 tons coal ee ee 960.00 
900 caps (estimated) @.01............ 9.00 
| 14,400 ft. fuse ** @ 144.00 
| 9,000 Ib. giant powder@ .16........... 1,440.00 
——— $3,606.22 
Miscellaneous. 
Assumed value of plant $50,000, 6 
per cent. interest on same.... $250.00 
Depreciation of plant 75 per cent. 
on whole job, 2, of 75 per cent, 
10 per cent. on all the above to 
cover all possible omissions.... 1,625.77 
$3. 215.05 


246 feet tunnel all timbered, there- 
fore cost the contractor $72.70 


November estimate. 
246 ft. tunnel, standard sec. @ $78.. $19,188.00 
3,694.50 


$2,000 ft. timber lining @ $35.. 2,870.00 
246 ft. tunnel all timbered, therefore cost 
N. P. R.R. $104.68 per ft., or total....... $25,752.50 
WEST END. 
Labor. 
Superintendent, 44 mo., @ $500....... $250.00 
“ i @$250.... 250.00 
Master mechanic 44 @ $150....... 75.00 
Engineers, 4x 30=120 days @ $4..... 480.00 


Mach. repairers, 3x30=90 dys @$3.50 315.00 


Firemen, 4x30—120 ** @$2.5) 300.00 
Blacksmiths, 2x30=60 @ $4... 249.00 
helpers,2x30=60 @$2.50 150.00 
Carpenters, 396 days @ $3........... 1,188.00 
Foremen, 160 @ $4.50 (ave.).. 720.00 
Drillmen, 294 ‘“* @$8.50........ 1,029.00 
Chuckmen, 2938 “ @ $3.00 ....... 879.00 
|Muekers, 1,188 @$2.75........ 3,129.50 
Dumpmen, 60 “ @ $2.50........ 150.00 
Car drivers, 60 ‘“* @$250...... 150.00 
Timekeeper, 30 ‘“ @ $2.50........ 75.00 
Lampmen, 60 ‘* @$2.50.. .... 150.00 
Laborers, 662 @$2.50....... 1,655.00 
Bonus to employes for daily pro- 
gress over G feet 500.00 
$11,835.50 
Material. 
78,000 B. M. timber @ $10........ «.-. 780.00 
800 |b. wrought iron@ .06............ 48.00 
6414 cords of wood @ $3..... ... ... 193.50 
240 tons coal 960.00 
900 caps (estimated) @ .01............ 9.00 
13,800 lb. giant powder, @ .16....... . 2,208 00 
_ $4,342.50 
Miscellaneous, 
Assumed value of plant $50,000, 6 
per cent. interest on same........ 
Depreciation of plant 75 per cent. on 
whole job, 4 of 75 per cent. of 
10 per cent. on all the above to cover 
| possible omissions............ 1,776. 
$3,366.00 
258 ft. tunnel all timbered, therefore cost 
contractor $75.75 per ft. or total..... ... $19,544.00 
November estimate. 
258 ft. tunnel, standard sec.,@ $78. . $20,124 00 
862 cu. yds. extra excavati’n, @ 4.50. 3.879.00 
78,000 ft. timber lining @ $35.. 2,780.00 
258 ft. tunnel all timbered, therefore cost 
N. P. R.R. $103.62 per ft., or total........ $26,733.00 


Stampede pass across the Cascade range, beneath | 


which this tunnel was driven, was discovered on 


| March 19, 1881, by a party sent out by Mr. V. G. Bogue, 


then 1g assistant engineer of the Northern Pa- 

he existence of a pass at this point had 
been suspected, but was not known prior to this 
date ; and the party was sent out to find the pass, if 
it existed. 

The heightof the mountain above the tunnel is 
1,135 ft., instead of the figure formerly given. 

The switechback over the mountain, over which 
trains were run during the construction of the tunnel, 
was executed by Messrs. W. H. Kennedy and J. Q. 
Barlow, under the direction of Mr. H. 8. Huson, as 
before stated, 

In timbering the tunnel, the work was usually done 
on wall plates. These, with their load of segments, 
lagging and packing, spanned the space between 
the last set of posts and the rock of the bench. Ad- 
ditional sets of posts were placed asthe excavation 


prog 


The breaking shot which established an opening be- 
tween the east and west headings was fired in the lat- 
ter on May 38, 1888, as stated. The excavation was com- 
pleted May 10, and the first regular train ran through 
the tunnel on May 27. 

The line and levels of the engineers working from 
each end checked as follows : Alignment, 0046 foot - 
grade, 0°03; distance, 0°60 foot. 

During the month of June, 1888, the Commissioners 
appointed by the United States government to inspect 
and accept the successive sections of the main line of 
the Northern Pacific road were taken through the 
tunnel by Mr. J. W. Kendrick, chief engineer of the 
road, thus completing the acceptance of the entire 
line, by the acceptance of this last part, the most cost- 
ly work yet done in the West. 

The amount of excavation for the tunnel section 
was 12°36 cubie yards per lineal foot for rock sections 
and 15°70 cubie yards for the sections where! timber- 
ing was required instead of the figures formerly given. 

In the work of lining the tunnel with a concrete arch 
now in progress, it may be of interest to note that the 
sand and cement are mixed dry by a worm mixer at 
the place where they are to be used. The power for 
the mixer is furnished by an Edison 6 kilo-watt, 1,000 
volt motor, supplied with acurrent from the lighting 
dynamo at the east portal of the tunnel.—Hngineer- 
ing News. 


UNIVERSAL SUCTION RAM. 


Mr. DuRozo1 has recently devised an apparatus of 
the ram kind, which is still simpler than preceding 
ones, and the principles of which are worthy of being 
made kuown. This apparatus, in fact, utilizes a mini- 
mum head of water and is capable of forcing the liquid 
in a single jet to great heights without the aid of a 
superposition of hydraulic rams, The result is that 
the expense is less and that the rendering is increased 
in large proportions. This new ram is capable of 
taking up water by suction, even from wells or eisterns 
situated at a level lower than that of the motive 
power. Moreover, the difference of the motive pistons 
and elevators permits of attaining great pressures as 
to foreing, and, inversely, of using strong heads of 
water to lift large volumes of another liquid to a less 
height. The effect of the ram stroke in this apparatus 
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SECTION OF THE UNIVERSAL SUCTION 
RAM. 


is produced normally and directly under the force 
valve or the piston, and this increases the rendering. 
There is obtained, moreover, a reguiation of the pres- 
sures and of the consumption of motive water by the 
system of equilibrium of the motive valve, and the 
supply of air is secured at a pressure that balances the 
force column of the apparatus, and this preserves it 
from the shocks that oceur in ordinary machines, and 
permits of using it as an air compressor or a suction 
ram. 

Its operation is as follows: The water, led from the 
‘fall by the pipe A, enters the cylinder B, in flowing 
through the passages of the valve E, whichis open. As 
|soon as the normal velocity of the water is reached, 
|the valve E, balanced according to requirements by 
the counterpoise L, is carried along by the velocity of 
the water, and is made to rest upon its seat, thus abso- 
lutely barring the passage of the liquid, which has 
reached its initial velocity. The-water immediately 
tends to flow back, through this sudden stoppage, to 
its upper level. But, as the length of the battery is 
calculated to resist this recoil, and as it requires a 
stronger pressure to react against its force of inertia 
than to raise the piston D, the latter therefore fol- 
lows the motion of reaction of the water and rises un- 
der its impulsion, since it receives the shock directly. 
Then the piston of the pump G acts as in an ordinary 
pump. The different liquid that has been sucked up, 
and has entered the cylinder F through the valve M, is 
foreed through the upper valve H into the air receiver 
J, and isafterward expelled through the force valve 
N. Thesupply of the air reservoir is obtained through 
a blow valve placed upon the suction pipe. 

After these results have been obtained, the valve E, 
actuated by the! counterpoise L, gives passage again 
to the motive water. At the same time, the piston D 
actuated by the lever K and the counterpoise O, rede- 

seends and sucks up a new quantity of water, which 
als the interior of the cylinder FP, and so on.—JLe 
Genie Civil. 
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PROPOSED NORTH RIVER BRIDGE 


3 


THE PROPOSED NORTH RIVER -BRIDGE AT 
NEW YORK CITY. 


THE bridging of the Hudson or North River at New 
York City has, during the past forty years, been re- 
peatedly planned for the purpose of carrying the 
tracks of the ten or more railroads terminating in Jer- 
sey City across the river directly into the metropolis. 
But the obstacles to the building of any bridge were 
considered too formidable to be easily overcome. Nat- 
urally a bridge having piers in the river was the 
only one thought of as feasible. The navigation in- 
terests, however, protested so loudly and effectively 
against the obstruction of the river with piers that 
nothing ever came of any such bridge projects. Sub- 
marine railroad tunnels seemed to be the only alter- 
native, and fifteen years ago the construction of such 
for two tracks was actually commenced. From one 
cause and another, but mostly for want of funds, 
the work has progressed but slowly, and several times 
was stopped altogether. The prospects for an early 
cowpletion do not yet appear very promising ; but 
should the tunnel be completed, it would not afford 
much ‘relief to the railroad traffic across the North 
river, and which has in the meantime grown to enor- 
mous proportions. ° 
’ The first step toward the solution of the problem by 
means of a suitable bridge was made five years ago 
ih a proposition of Gustav Lindenthal, the Pittsburg 
bridge engineer, to bridge the North river at New 
York with one single span of nearly 3,000 feet, high 
enough to let tall-masted vessels pass underneath, and 
strong enough to carry six railroad tracks. Mr. Lin- 
denthal was the ‘first one to make such a bold propo- 
sition, which was at first received with much doubt as 
to its practicability. He published his plans and dis- 
cussed their practical features of construction, show- 
ing that they were not only perfectly feasible, but in- 
deed presented the West solution of the North river 
crossing yet brought forward. A company was form- 
ed, which obtained from Congress the necessary legis- 
lation for carrying out this great work. This is 
“The North River Bridge Company,” incorporated 
by Congress on the 11th of July, 1890, giving them 
great powers and privileges. (The company’s offices 
are in New York City, at 45 Cedar street, and Mr. 
Jordan L. Mott, the well known iron manufacturer of 
New York, is the president of the company.) Since 
then steady progress has been quietly made in the 
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preparations for the stupendous undertaking. The 
plans have been modified fora larger bridge than at 
first contemplated. The finished structure, as now 
designed, and the plans for which have been filed 
with the War Department at Washington, provides 
for 14 railroad tracks and a promenade, arranged in 
three decks, as shown on the accompanying sectional 
plan of the bridge. This of itself is such a startling 
and bold innovation in a bridge design that, coupled 
with the unprecedented large span of 3,000 feet, it 
will cause this structure to be looked upon as the 
chef @euvre of bridge engineering. Probably in no 
other place of the world is there such an immense 
railroad traffic, requiring such a colossal structure to 
carry it. 

The bridge itself having often before been described 
as to its uniqne features of construction, we give be- 
low an extract from a report of the chief engineer, 
Gustav Lindenthal, to the board of directors of the 
North River Bridge Company on the most interesting 
question of the comparative economy of the tNorth 
river bridge as compared with other large bridges of 
the world. 


The report discusses the probable volume of traffic 
to be provided for over the bridge and based on care- 
fully collected statistics of the traffic across the North 
river, and then discusses the question of location with 
reference to economy of construction, directness of 
route, influence of grade and with reference to largest 
revenve tobe obtained from such location, and then 
contains the following eomparison of the economy of 
its design as compared with other great bridges : 

The impression seems to be harbored among those 
who have given no study to the subject that the cost 
of the North river bridge will be excessive, because of 
the long single span of 3,000 feet required over the 
Hudson river. I hereby submit for your inspection 
the following comparison with four of the greatest rail- 
road bridges in the world, to make it clear that this 
impression is erroneous, 

The accompanying plan shows on the same scale the 
North river bridge, the Brooklyn bridge over the East 
river, the Forth bridge in Scotland, the Poughkeepsie 
bridge over the Hudson river, and the St Louis bridge 
over the Mississippi. Other large bridges,wight have 
been added, but the above were selected because each 


YS 


had difficult and costly foundations, resembling some- 
what the character of foundation for the North river 
bridge, except that the latter will exceed in size any of 
the other foundations, just as the superstructare will 
also exceed that of the others, The four bridges pre- 
sent different types of construction, and ow are the 
largest examples in existence of eachtype. The design 
of the North river bridge is the result of careful study, 
and was selected from several designs for different 
types with and without a pier in the river asthe most 
economical and the most suitable for the loeal condi- 
tions. Itis confidently believed that no other design 
can equal or excel in economy and suitability the one 
adopted for the North river bridge. 

The cost of constructing a bridge or tunnel, or any 
other railroad structure, is usually measured by the 
cost per lineal foot of track. Taking this criterion, 
the table shows that the North river bridge will be the 
cheapest in that respect of all the above great bridges. 
The total cost.of the North river bridge is divided, as 
is fair and proper, among the ultimate 14 tracks, of 
which ten tracks are intended for 100 ton locomotives, 
for the heaviest trains, and four tracks for 50 ton loco- 
motives, forsuburban trains only. It is true that only 
eight tracks are intended to be used at first, and it 
may he objected that on this account the total cost 
should be divided among eight tracks. On this basis 
the result will be $485 per lineal foot of track on the 
final cost of the bridge. This would still be less than 
any of the other bridges, except the Poughkeepsie 
bridge with its short spans. Thesix additional tracks 
needed in the more or less near future would then cost 
nothing more. Per lineal foot of track the North 
river bridge will therefore cost only about 44 of the 
equivalent of the Brooklyn bridge, less than 44 of that 
of the Forth bridge, only 34 that of the Poughkeepsie 
bridge, and less than 15 of the equivalent in the St. 
Louis bridge. 

Item 9 of the table also shows that the amount of 
steel and iron per lineal foot of track will be less than 
in any of the other four bridges with spans so much 
swaller, when just the contrary result might have been 
expected. 

it can also be shown that the-design of the North 
River bridge with a single span over the entire river 
is more economical in all other respects than any other 
design with a pier in the middle of the river. This 
was the primary reason for proposing it. The other 
reason was that the national government, in the inter- 
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COMPARISON OF NORTH RIVER BRIDGE WITH FOUR 
OTHER BRIDGES. 


Worth. | Brook 


brid: P -| St. 
See plan of ges. | River. lyn, Forth. ke"psie.| Louis, 
1. Type of construction. | 8388! 


| 
| 
| 
| 
| 


2. Length of bridge in | 
each case withont the 
approaches, but tnclud-| 
ing the anchorage or | 
abutment... .... 7,840 ft. (3,700 ft.) 5,400 ft. 3,100 ft, 1,700 ft. 


| 


, center to center 


3. Longest span of each 
rides, conter | 
of bearing.... . ...... | 


3.100 ft. |1,506 1,710 ft. S30 ft, 520 ft. 


4. Number of railroad | 
tracke that can be w 


5. CAPACITY. Ex 
in number of freight 
trains cach 500 feet long, 
and weighing 800 tons, | 
which each longest span 
may carry with the same 
coefficient of safety ... 20 1% 444 2 | 2 


6. CAPACITY. Expressed | 


as 


ir number of passenger 
trains each 500 feet long, 
weighing 550 tons fully 
loaded, which each long- 
est span may carry in 
ordinary operation... .. | 30 2 6 2 


aw 


7. Average weight of su- 
retructure per lineal Ib. Ib, Ib, Ib, Ib, 
oot of span.... ........ 45,000 | 7,400;| 19,200 | 8200 8,000 


8 Average weight of steel 
and iron of superstruc- 
ture per lineal foot of 
span, without rails, rail- Ib. Ib. Ib. . 
ings and floorings.... .. | 42,000 | 6200 | 18400 | 7,300) 7,000 


9. Average weight of steel| 
and iron of superetruc- 
ture per lineal foot of| 
track without rails, rail- Ib. Ib. Ib, Ib. Ib. 
ings, and floorings .....| 3,070 | 3,100 | 9,200 | 3,650) 3,500 


Total coet of construc-, 
tion without approaches, 
without right of way, 
and without interest ac- 


$28°5 M | $56 $13M | $26M $53M 
11, Cost per lineal foot of| | 
$3,880 | $1,610 $2,407 $840 «$3,150 
12, Cost per Mveal foot of } 
$278 | $805 Slam) $1,575 


est of navigation, ratherthan permit the obstruction 
with a bridge pier, recommended through its board of 
engineers sub-marine tunnels for crossing the river. 

he explanation for the remarkable economy of the 
North River bridge is found in the peculiar conditions 
available for a very long span bridge for wultiple 
tracks, and not available for successive shorter spans, 
or for long spans with only two tracks. For instance, 
the wind bracing must be made enormously strong for 
such a long span, but it is little more expensive for 14 
tracks than for 2 tracks. 

The principal bridge members, namely, the four 
cables, will be made of steel wire having a strength of 
175,000 pounds per square inch, and will weigh only 
one-third as much as if made of steel bars of large sec- 
tion, having ordinarily a strength of about 62,000 
pounds per square inch. The North River bridge re- 
quires only two deep submarine foundations for the 
towers. A pier in the middle of the river (200 feet 
down to rock) would be very expensive, and its omis- 
sion affords another great saving in this case. 

The waximum train loads on the 14 tracks, as de- 
signed for this long spap, will not likely occur once in 
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roads be added 
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20 years, against those on a double track bridge several 
times a day; or as compared with the coupled single 
track arches of the St. Louis bridge, which are strained 
to the naximum several hundred times a day, that is, 
from each train passing over the respective tracks. It 
does not imply that the strength of the North River 
bridge may therefore be less than for shorter spans, or 
for less tracks, but, on the contrary, it means that the 
longer span is so wuch the safer one, and will, in fact, 
be the safest ever built. 

The North River bridge would be absolutely safe if 
it were loaded on all 14 tracks with locomotives from 
anchorage to anchorage. It would take 1,800 locomo- 
tives to do this. It isan inconceivable event, and the 
test could not be made, since, for instance, such a great 
railroad as the Pennsylvania has an equipment only 
of about 1,500 locomotives. In ordinary operation 
the trains meeting on the bridge will hardly be 5 to 8 
per cent. of the load from the above named 1,800 loco- 
motives. 

In point of rigidity, it is sufficient for comparison to 
eall attention to the great rigidity of the Brooklyn 
suspension bridge, and to note that the latter is only 
partially stiffened at that. The heavy traction trains 
sometimes drawn by locomotives, when the cable is out 
of order, with the dense stream of trucks and wagons 
on the two roadways, not to mention the load of 
pedestrians, do not produce excessive vibration. In 
the North River bridge with rigidly braced cables, and 
with heavy stiffening trusses, specially designed for 
the heaviest concentrated loads, and with a dead 
weight six times greater than that of the Brooklyn 
bridge, the rigidity will be comparable only to that of 
solid ground. The only deflections of any moment 
will be from temperature changes, and those will be so 
gradual from one season to another as to be imper- 

he great economy of the North River bridge design 
becomes still wore apparent in comparison with sub- 
marine tunnels, assuming that such tunnels would be 
as good for railroad purposes as the bridge, which can- 
not be the case. It is weil settled that the cheapest 
construction of such tunnels through the existing for- 
mation is on the principle of one tunnel for each track, 
aod that double track tunnels are proportionately more 
costly. The length of the tunnels would not be less 
than that of the bridge, but the cost [per lineal foot of 
track in the tunnel greatly exceeds that on the 
bridge. The cost per single tunnel, without the 
approaches, has been estimated by different engi- 
neers at about $3,500,000, but it may be greater. 
In any event, after liberally allowing for economies 
that might result from experience and repetition of 
such work, the cost of 14 tunnels, without the 
approaches, would not be less than $40,000,000, or 
at least 40 per cent. more than for the bridge. The 
jexpense for approaches and for a station in New 
| York City would be greater in the case of tunnels, since 
|the streets must be crossed under grade, below the 
| water line, and the station would be partiaily under 
|ground. The cost of right of way would also be 
|greater, because of the greater width required for 
| the tunnels side by side, as compared with the tracks 
| from the bridge in two decks one above the other. A 
speed of 30 or more miles per hour through these tun- 
nels with heavy locomotives would be out of the ques- 


| tion, but will be the rule on the bridge. The smaller . 


| transportation capacity of such tunnels is as obvious 
|asis the difference in the discharge volume through 
|the same section between a fast and a slow running 
stream. 

It may be remarked that the approaches to the 
North River bridge will be free from grade crossing 
with the streets. The tracks in New York and Ho- 
boken are above the streets, and in Jersey City 
Heights the tracks will run through an open cut with 
all the street crossings overhead. 

The principal expense for an entrance into New York 
City will always be for the costly right of way which 
must be acquired; but in New York City, it may be 
remarked, this cost is not likely to be so great at 
, present as it was and is, for similar improvements, in 
' cities like London, Paris, and Berlin. The expense for 
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right of way and for a passenger station in New York 
City is not materially affected by the vamber of tracks 
on the bridge arranged on two platforms, one above 
the other, limiting the width of right of way to be ac- 
quired to the smallest practical dimensions. Such a 
saving, as already mentioned, caunot be obtained from 
submarine tunnels, nor indeed from any other arrange- 
yet proposed.—Railway Revie. 


“PRESERVALINE,” A NEW PRESERVATIVE 
FOR MEAT.* 


By Dr. Bruno TERNE. 


SoME time ago I was applied to for information as 
to how to pickle meat without the use of nitrate of 
potash or saltpeter. The objections to the use of salt- 
peter are said to be: 

(1) The operation of curing takes too long a time. 

(2) It renders the outside of the meat hard. 

* There is a compound,” wy inquirer said, ‘‘ that is 
used in large quantities in the West, and which avoids 
both these objections. What is it ?” 

I informed him that if be would procure me a saw- 
ple of this material, or would, in lieu of this, farnish 
me either with a specimen of meat prepared with it, or 
with some of the pickle as prepared for use, I might 
be able to throw some light upon the subject. 

Shortly after this, I came into possession of two 
samples, both in pulverulent form, one red and the 
other white in color. I exhibit specimens of both of 
these preparations. From another source I learned 
that this product was placed on the market under the 
trade name of * Preservaline.” 

A qualitative test showed conclusively the absence 
of all nitrates and the presence of boracic acid in com- 
bination with a base, for the reason that the charac- 
teristic green coloration of the flame only appeared 
after the addition of a drop of sulphuric acid. It ap- 

yeared further that both the red and white samples 
1ad the same composition, with the sole difference that 
to the colored sample there had evidently been added 
some rosanilin color. 

I made up a sample with a little rosalic acid which 
exhibited nearly the same color as the original one but 
a little more pronounced. 

The quantitative analysis of the white sample gave: 


Per cent. 
Biborate of ... 44:18 
Moisture.......... 
Impurities (undetermined)...... 28°2 

10000 


Practically, then, we have here a mixture of equal 
parts of borax and common salt, and the’ regular” 
preservaline, which imparts to the meat a cherry red 
color, as per announcement of the manufacturers and 
vendors of this article, is simply the same product, 
with the addition of some coloring matter or dye. 

I was aware that the use of coloring matters was 
largely employed in certain articles of food, especially 
in all candies and cakes, and the like, but it was some- 
what of a surprise to learn that enterprise in this direc- 
tion had progressed so far as to impose dyed meat upon 
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I investigated the red sample for traces of arsenic, 
which possibly might be contained in the color, but I 
am glad to report that I found none. 

The solution of both samples was strongly alkaline. 
Without any doubt, this product, on account of the 
large quantity of borax in its composition, will act as 
a good preservative, but it is unquestionably a fraud 
upon the public, so far as the selling price is con- 
cerned, as the following statement will show: 


Cents. 
One pound of borax is worth............. 9 
One pound of salt is worth ............ oe 30 
Two pounds of mixed salt is worth....... 1045 
One pound of mixed salt is worth........ 5% 


It is put upon the market for the prices indicated in 
the following tabulation, reproduced from the mapu- 
facturers’ circular: 


*“ REGUL AR ” 
For Curing Per Pound 
and Cents. 
100 Ib. kegs........ 15 
50 lb. drums. ......... 16 


Use one pound for every 100 pounds of meat. 
This preservaline gives the meat a cherry red color. 


For “ork and Per Pound. 
Liver Sausage, Cent-. 
24 
50 lb. drums 


Sprinkle one-half pound over every 100 pounds of 
meat while being chopped or mixed. 


B.” 
100 Ib. kegs............ RE 


Use one pound for every 100 pounds of meat. 

Preservaline prevents any kiud of sausage from turn- 
ing sour, even in the warmest weather, and retains the 
natural color of the sausage. 

Looking over the literature of the subject, I found 
that a series of investigations of similar products had 
been made by Mr. G. Polenski (vide Reports of the 
Imperial German Health Office, 1889, No. 5, \». 364). 

I quote therefrom the following data, respecting the 
composition of a number of such materials. 


* Read at the meeting of the Chemical Section of Franklin Institute, 
May 19, 1891. 
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(1) THI) REAL AUSTRALIAN MEAT PRESERVER. 


(A nearly colorless liquid, emitting a strong odor of 
sulphurous acid.) It contains in one liter: 


Grammes. 
Sumphurous acid.... 46°080 
(erric oxide (alumina)........... 


(2) REAL AMERICAN MEAT PRESERVER. 


(The same liquid, but a stronger solution.) Con- 
tains per liter: ; 


Grammes. 
Ferric oxide (alumina)...... 
Silicic acid and alkalies.... ........... 


(83) CONSERVATIVE FOR SAUSAGES. 
(The same liquid, slightly opaque, but odorless.) Con- 
tains per liter 


Grammes. 
Glycerine........... 50°00 
(4) PRESERVING SALT OF R. LEISENTHAL, ,COLOGNE. 
(Does not redden the meat.) 
Water of crystallization. .. 


(5) PRESERVING SALT OF THE SAME MANUFACTURER 
(TO MAKE THE MEAT RED). 


Per Cent. 
Boracic acid ..... 28°34 
Common salt......... 958 
Saltpeter - 57°35 
(6) PRESERVING SALT OF GAASE BROS., BERLIN. 
Per Cent. 


(7) AMERICAN HAM PRESERVER. 
(An aeid, yellowish liquid, having an empyreumatic 


odor.) Contains per liter: 
Grammes. 


(8) STUTTGART CONSERVING LIQUID FOR MEAT. 


(An acid liquid, having a strong sulphurous acid 
odor and a yellowish color.) Contains per liter: 


Grammes, 
Arsenious acid 0°108 
Phosphate of lime (Cas(PO,)2...... 
Sesquioxide of iron and alumina........ 0°440 
87°440 
Free phosphoric acid (H;PO,).... ....... 6°050 
(9) SIMPLE CONSERVING SALT OF CONSERVING SALT 
cO., HAGEN. 
(A white salt, in solution, alkaline.) Contains: 
Per Cent. 
Water of crystallization ...... ociieteet 13°30 
33°10 
32°04 
(10) TRIPLE CONSERVING SALT OF THE SAME 
MANUFACTURER. 
Per Cent. 
0°80 
Water of crystallization.......... 14°70 
(11) SAZOLITH. 
Per Cent. 
Sulphate of soda............... 3873 


Per Cent, 
90 
BESLINIT PICKLE (for reddening the meat). 
Per Cent. 
Saltpeter....... 82°2 
19°2 
(13) CHINA PRESERVING POWDER (MINERVA). 
Per Cent, 
38°8 
Swiphite of 92 
(14) AUSTRALIAN SALT. 
Per Cent. 
Conimon salt ...... 55 
05 


(15) DR. C. RUEGER’S BARMENIT. 


#aual parts of borax and common salt. 

_, This last brings us home again. American ingenuity, 
it will be perceived, is again in the lead. All the liquids 
and powders here referred to are free from coloring 
matter. They all use saltpeter to impart the red color 
to the meat, but the Inventor of preservaline intro- 


The directions given by the manufacturer for the 
use of the red *‘ reguiar” for curing pork and beef Pre 
seribe one pound for every 100 pounds of meat. This 
is equal to one-half per cent. of borax. 

The prescription for the white, for curing bologna 
and smoked sausages, indicates the same quantity. 

We have no positive knowledge of the action of 
large quantities of borax upon the human organism, 
when taken internally, though there can hardly be 
any doubt that if taken even in small doses continu- 
ously for a considerable time its effect must be hurtful. 
This question, however, I leave to the decision of oth- 
ers better qualified for passing judgment upon it than 
myself. It was simply my intention to call to your 
notice the common use of borax as a preservative for 
meat, and especially the misuse of anilin red to re- 
place in such mixtures the use of saltpeter. 


IMPROVED PROCESS OF MAKING SODIUM 
OR POTASSIUM. ; 


THE author of this process is Curt Netto, of Dresden, 
Saxony, Germany. The drawing is a vertical sectional 
view. @ represents the reservoir used for melting the 
caustic soda, the outlet pipe of which is provided 
with a regulating faucet, D. 

ec is the charging funnel for the molten caustic 
soda, which leads through the lid, e, the latter being 
provided with a charge hole, I, for the coal into the 
retort, f, made of proper material—4. e., cast steel, 
wroughtf or cast wherein the reduction 
should take place under the influence of the coal, g. 
The tap pipe, 2, arranged near the bottom of the re- 
tort, is properly provided with a valve, 7. In an open- 
ing at the upper part of the retort a receiver, k, 
somewhat narrow, is properly arranged for condensa- 
tion of the sodium. Under the outlet of this condenser 
is placed a reservoir, 7. The retort, f, is covered with 
a jacket, m, of clay. The gases used for heating 
are led through the flue, w, and opening, 0, into flue, n, 
where they circulate around the retort. Then the 
gases pass through the opening, 7, flues, 7 and gq, into 
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the heating space, s, where they heat the vat, a, and 
now they can be led off through opening, ¢, into 
the chimney. The charging funnel, c, can be pro- 
vided with a conical valve, uw. Below the tap pipe, h, 
is placed a receiving vessel, y, for the molten mass of 
soda formed during the reduction. 

By means of such apparatus > gens process is 
executed in the following manner: The retort is heated 
to about cherry red, then it is charged by either tak- 
ing off the lid, e, or through the charge hole, [, with as 
much coal, preferably charcoal, as will fill about one- 
third of its capacity. When the coal is glowing (a few 
minutes are sufficient for the pur ), the molten 
caustic soda is allowed to run from the vat, a, through 
the funnel, c, upon the glowing coal. The flow can 
be regulated by the faucet, b. Immediately the sodium 
flame becomes visible at X, and after a very short time 
the sodium flows off from k into the reservoir, 7. In 
the beginning it is necessary to close the valve, é, in 
order to keep off the atmospheric air; but in a short 
time, about half an hour, enough liquid mass, the 
greater of which is carbonate of soda, will have 
gathered at the bottom of the retort, so as to form at 
ha hydraulic closure, and now the valve, ¢, can be 
opened, whereupon any excess of molten mass can 
freely flow off through the tap pipe, A. When after 
some hours the stock of coal in the retort is nearly ex- 
hausted, the flow of caustic soda is cut off by closing 
the faucet, 6. and after waiting some minutes, until the 
sodium flame at & has nearly disap . fresh coal is 
charged in through I, whereupon the operation recom- 
mences after having closed the opening I, which can 
be done, for instance, 4 shnply placing upon it an 
iron cylindrical plug. It is obvious that the introduc- 
tion of coal may be effected in any way—i. e., as in 
charging gas generators—in order to completely avoid 
opening the retort for charging coal. It is not neces- 
sary to fasten the lid, e, by screws or wedges. It is 
sufficient to simply lay it in place. Any other carbon- 
iferous material may just as well be employed for the 
decomposition ; but charcoal offers a special advant- 
age on account of its containing a low ree of silicic 
acid and a comparatively high degree of alkali in its 
ashes. On account of the absence of silicic acid stub- 
bornness of the liquid mass is avoided. and by reason 


tents the losses of alkali become comparatively small, 
notwithstanding the unavoidable sodium flame. The 
mass can be separated from particles of coal contained 
in it by lixiviation and the solution can be worked to 
carbonate of soda or regenerated into caustic soda. 
Among the advantages obtained by the present pro- . 
cess are the following: 

The process is carried on at 2, comparatively low 
temperature, i. ¢., cherry réd heat. Disadvantages of 
horrizontal retorts and sagging of the same are avoided. 
Danger of explosion is avoided, as the quantity of the 
soda introduced can at all times be regulated by the 

ition of the faucet, h, or completely shut off. 

hould the pressure in the retort by any reason be- 

come too high, the iron plug, d, at I operates like a 
safety valve, so that the gases can a escape. 

The evacuation of the retorts and the charging of 
the same, the fixing of the lids on the hot retorts dur- 
ing the operation, are not necessary. By a simple 
closing off of the faucet inthe alkali supply pipe the 
action ceases by itself after one or two minutes. 

The process admits of the use of less valuable pro- 
ducts containing soda, 7. e., the bottoms, the use of 
which has heretofore been economically impracticable, 
as the charge had to be held concentrated as much as 
possible. The present process admits of a continuous 
operation with all its advantages. 


ROLLING FLUID METAL. 


ON THE MANUFACTURE OF CONTINUOUS SHEETS OF 
MALLEABLE IRON AND STEEL DIRECT FROM 
FLUID METAL.* 


By Sir Henry F.R.S. 


AMoNG the numerous in ventions that are from time 
to time brought under public notice, a certain propor- 
tion are from some cause or other allowed to fall out 
of sight and be forgotten. This too frequently hap- 
pens from some inherent defect or fallacy involved in 
the scheme itself. It is not, however, always the 
cause, for some inventions, which appeur well worthy 
of a trial, are never put to any practical test, through 
having appeared at a time when the state of the par- 
ticular manufacture to which they apply was not so 
far advanced as to render the pro feasible with 
the then existing state of knowledge, although at a 
later period, and a more advanced state of the arts, 
they would at once have been adopted. Hence it has 
occurred to me that an invention in connection with 
the iron and steei manufacture which has quietly 
slept in oblivion for the last thirty-five years might 
with advantage be discussed at a time when the manu- 
facture of tin plates is occupying so much public at- 
tention. I have nevertheless felt much hesitation in 
venturing on this innovation, which need not be made 
into a precedent. 
Before entering into any details of the method = 
for the production of continuous sheets of iron 
or steel, it may be interesting to glance briefly at 
some analogous processes which have been proposed, 
and in some cases have been carried into successful 
operation. In doing so the mind naturally reverts tq 


that period when sheets of paper, like our — tin 
plates, were all made singly by hand. The paper. 
maker with a square gauze wire sieve dips it into 4 


cistern of pulp, and afterward holds it bestsontelly 
above the cistern until the water gradually drains out 
of it ; he then transfers the fragile film of pulp to 4 
surface covered with flannel, on which he leaves it t¢ 
dry and harden. But the great invention of Fourd 
rinier, as improved by Donkin, has given us a mar 
velous self-acting machine, having a cistern of pulp at 
one end, with an endless wire gauze sieve delivering 
its film of pulp on to a flannel-covered drying roll, and 
from thence on to steam-heated glazing cylinders; 
the machine terminating with a wooden roller, on 
which an endless web of paper, a mile long, is wound 
up, fit for any of the var purposes to which thaj 
beautiful material may be applied. This result is ac 
complished with a rapidity of action, an economy oj 
material, and an excellence of —— that has revo. 
lutionized the whole paper trade of the world. 

The production of continuous sheets of different 
materials, direct from fluid or semi-fluid matter, occu- 
pied much of my attention a great many years ago; 
and as far back as the year 1846, I took out a patent 
for the production of tinfoil and sheet lead direct from 
the molten metal. 

The form of . proposed com an iron 
tank, covering the upper part of the furnace. This 
tank can be used both for melting the metal and for 
retaining it in a fluid state during the rolling opera- 
tion. A shaft crosses the tank, and carries a hollow seg- 
ment of a cylinder; and by means of a screw and 
wormwbeel, a slow rotation is given to the shaft, thus 
slowly and regularly immersing the segment, and 
thereby displacing and raising the level of the metal 
in the tank, and causing it to flow between a pair of 
rolls where the metal is chilled, and is converted into 
a sheet, dependent for its thickness on the distance 
apart of the rolls, from which it descends on a curved 
guide plate. The rolls are kept cool by a constant 
current of water passing through them. I may men- 
tion that this invention was included in a patent for 
the manufacture of glass, and, as far as I know, this 
particular form of —— has never been put to 
any practical test. may also add that I received, 
about two years ago, a parcel from America contain- 
ing a small sample of sheet metal, which was being 
successfully manufactured there. The person from 
whom I received it informed me that it was made by 
a slight alteration or improvement on my patent of 
1857, for rolling continuous sheets and thin bars of 
iron or steel direct from the fluid metal. He offered 
me one-half of his patent if I would undertake its in- 
troduction into this country. did not accept his 
offer, and there the matter res 

‘The circumstances stated have, however, afforded me 
an opportunity of showing you a small sample of a 
continuous sheet, produced direct from fluid metal at 
a single operation, and proves beyond doubt or ques- 
tion the important fact that fluid metal may be chilled 
and formed into a continuous sheet between rolls | hat 
are kept cold, while it well illustrates the spirit of en- 
terprise of our American cousins, who are so prompt 


duces the novelty of a dye to take its place. 


of the comparatively high degree of alkali ix its con- 


* Paper read before the Lron and Steel Institute, 
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to recognize, tv adopt, and to improve upon the in- | 
ventions brought forward in Europe. 

In the year 1846 I commenced a series of experiments 
on the manufacture of continuous sheets of glass. The 
first rough experimental apparatus which I used may 
be described as follows: It consists of a reverberatory 
furnace, in which a deep bath or cistern is formed, 
and ie used in lieu of the large glass pots previously 
employed for melting all Kinds of glass. The bottom 
of the bath is sloped or inclined to one side where there 
is a long parallel opening, baving a projecting lip; 
the lower side of this lip in part overhangs one of the 
rollers. During the time that the glass materials are 
being melted the opening is closed with an iron bar 
resting on the lower lip; on the removal of this bar 
the semifiuid glass moves slowly out of the bath, and 
by the rotation of the roils is converted into a thin 
sheet, and then descends the curved guide plate, and 


is finally received on a horizontal bed. 

The rapidity with which a thin sheet of glass passes 
from a soft and plastic state to one of extreme brittle- 
ness is peculiar to this material, and presents a great 
dificulty in its manufacture, a difficulty which is 
much increased by the rapidity with which the sheet 
is produced, and which will be readily appreciated 
when I[ state that on one occasion a sheet of glass 70 
feet long by 30 inches wide was produced in about 
three or four minutes, the first portion having become 
hard and brittle while the latter portion still retained 
its plastic state. Fortunately both iron and steel, 
after passing from the fluid to the solid state, still 
retain their malleab!e condition, and give ample time 
for further treatment before they become cold. 

Having thus briefly brought under your notice what 
has already been accomplished experimentally in the 
direct production of continuous sheets of lead and 
glass by the process of rolling, I will pass on to that 
branch of the subject which is wore immediately inter- 
esting to the members of this Institute, many of whom 
may remember that in August, 1856, I first announced 
to the world the fact that malleable iron in a molten 
state could be produced rapidly, and in large quanti- 
ties. It is not surprising that [ should have at once 
endeavored to avail myself of the advantages which 
this novel condition of fluidity presented. I saw, of 
course, that like other fluid metals, malleable iron 
could be cast in moulds into any desired form, and re- 
verting to my former inventions for rolling fluid lead 
and glass into continuous sheets, [ at once grasped the 
idea that malleable iron or steel could be thus made 
not only into sheets and plates, but also into thin bars 
or rods, by passing the fluid iron in between a pair of 
rolis placed in the same horizontal plane. 

I was most anxious to bring to the test of experiment 
@ system so novel, and so immensely important if 
successful. 

At the period mentioned I was carrying on a secret 
process of manufacturing bronze powder at my works 
at St. Pancras, where I was also making my iron and 
steel experiments; and in the bronze works I had in 
daily use a pair of 12-in. chilled rolls placed in the 
horizontal plane. I saw at once that these rolls would 
enable me to make such a trial of the scheme as would 
prove the possibility or otherwise of producing a con 
tinuous sheet direct from fluid iron. Unfortunately 
these roils were working at some distance from the 
model converting house, and in a room that was care- 


fully locked and guarded; and into which no strange} 
workmen could be permitted toenter. I therefore had 
to depend entirely on myself for these experiments, [| 
employed a common 20 |b. crucible as a converter, and | 


Fig. 


lifted on to the back roll, and the molten iron was 
pou in between them. The rolls were set at about 
vy in. apart, and a thin sheet was obtained some 3 ft. 
or 4 ft. in length. The small stream from the crucible 
did not spread itself far along the wedge-shaped space 
between the rolls, and as the quantity poured fluctua- 
ted a little, so the breadth of the plate increased or 
decreased in the same ratio, giving an undulating line 
to the edges of the plate, some portions of which were 
afterward rolled to a thinner gauge. 

The sheet thus produced had a clear surface, almost 
wholly free from oxidation, and absolutely free from 
seale. It was as tough as any rolled iron plate [ bad 
ever seen; indeed, it left no doubt in my mind of the 
entire success of this system of rolling thin sheets di- 
rect from fluid metal. 

The thin plate was cut into small samples, and given 
to different persons, The only relic now remaining of 
it is a small piece among other early examples of Bes- 
semer metal, contained in a glass case at the offices of 
the Institute, where this small piece of the original 
plate may be seen. 

So impressed was I with the importance of this in- 


: 


vention, that I immediately applied for and obtained 
a patent for it, notwithstanding at this particular 
time the Bessemer process was not merely undera 
cloud, but was regarded by the trade generally as an 
absolute failure. One need not, therefore, be great! 
surprised that the production of continuous sheets di- 
rect from fluid iron did not excite a great amount of 
enthusiasm in the minds of tin plate manufacturers of 
that day; in fact, the whole scheme was simply pooh- 
poohed and laid aside, without any serious considera- 
tion of its merits. 

It is under these circumstances that I have ventured 
to occupy your time with a chapter of ancient history, 
in the hope that with the much greater knowledge and 
skill since acquired in the production and manipula- 
tion of mild steel, this system of producing continuous 
sheets of metal may have the thoughtful attention of 
those interested in the tin plate manufacture. 

1 will now deseribe, in as brief a manner as possible, 
the apparatus hurriedly secured by patent immediate- 
ly after this experiment was made. It consists of a 
pair of rolls, through which cold water is made to cir- 
culate ; and for their more effectual cooling perforated 
pipes are provided for throwing jets of water against 
the exterior surface of the rolls; a pair of rubbers kept 
in contact with the rolls by spiral springs are employed 
for the purpose of drying the surface of the rolls; it 
will be observed that one of the rolls has formed on it 
a flange at each end, between which flanges the other 


| roll is closely fitted, so as to form a stop at the end of 


the rolls, and converts the space between them into a 
small wedge-shaped trough, into which the fluid metal 
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after melting 6 lb. or 8 lb. of pig iron in it, 1 immersed 
the orifice of a fireclay blow-pipe in the metal, which 
was by this means wholly decarbonized. No manga- 
uese or spiegel was added to it. 

I then seized the crucible in a pair of tongs and ran 
with it into the bronze works. This naturally took 
some little time to accomplish, and when I arrived 
at the rolls the metal in the crucible had assumed the 
solid form, and could pot be poured out. After several 
unsuccessful attempts I at last succeeded in reaching 
the rolls with some fluid metal. The crucible was 


is poured from the lip of the casting ladle. The rolls 
are not held up to their work by screws as usual, but 
the brasses of one of them are fixed, while the brasses 
of the other roll slide in suitable guides, and are kept 
in the required position by a weighted lever, so that in 
the event of too much metal being at any time sup- 
| plied to the rolls, mer will be foreed back, and the 
plate made a little thicker at that part, a defect easily 
remedied in the next operation of rolling, the 
way of the rolls thus acting as a safety valve an 
venting a breakdown, 


iving 
pre- 


I also designed a pair of grooved rolls for producing 
thin bars, capable of afterward being rolled into hoop 
iron, nail rods, ete. 

From the foregoing brief sketch of my original form 
of apparatus, it will be seen that it would be very diffi- 
cult to supply the molten metal to the rolls with that 
degree of regularity which is absolutely necessary, 
while more or less of the slag floating on the surface 
would be poured out simultaneously with the metal. 
It will also be observed that in this arrangement of ap- 
paratus the metal would fall only on one spot, and if 
wide sheets were being made, it would have to flow 
lengthwise along the rolls from this one central stream. 
A further disadvantage would result from the splash- 
ing and unquiet state of the Wetal between the rolls, 
owing to the great height fram which the metal would 
have to fall from the lip of the large ladle placed high 
above them. 

Having thus freely criticised my first imperfect form 
of apparatus, I will proceed to explain in what manner 
I now propose to remedy these defects. These suggest- 
ed improvements will be readily understood by refer- 
ence to Figs. 1, 2, and 3, annexed; and here I beg to 
observe that I have not gone into the many details 
necessary for the construction of rolling mills of this 
description, but have merely given such an illustration 
of the general scope of my proposals as will enable 
them to be understood. 

The rolls, L and M, consist of two hollow drums 
through which a tubular steel axis, N N, passes, and 
conveys a plentiful supply of water for keeping the 
rolls cool. 

The brasses which support the roll, M, are fixed, 
while those which support the roll, L, are movable in 
a suitable slide, and are pressed on by a sinall hydrau- 
lic ram, X, which is in free and uninterrupted commu- 
nication with an accumulator, so that at any time 
should the feed of metal be in excess, the roll, will 
move back and prevent any undue strain in the ma- 
chinery, the only result being a slightly increased 
thickness at that part of the sheet of metal, a defect 
which, as it extends parallel across the whole width of 
the sheet, will be easily corrected in the next rolling 
operation. 

The rolls, by preference, may be made 3 ft. or 4 ft. in 
diameter, each having a flange on one end only, and 
thus form a trough with closed ends for containing the 
fluid metal. 

In order to obtain a regular and guiet supply of 
metal, I employ a small iron box or reservoir, v. lined 
with plumbago or fireclay, along the bottom of this 
reservoir. Sowe ten or twenty small holes of about 4 
in. in diameter are neatly moulded by a row of conical 
brass pegs. The reservoir is provided with a long bar 
or handle at each end. By means of these bars the 
reservoir is supported on the side frames, the bars fall- 
ing into suitable notches made in the roll frame for 
that purpose. 

And here I would observe that the reservoir, P. 
should be well dried, and its interior surface heated to 
redness prior to its use. For this purpose a small fur- 
nace or stove should be placed near to the rolls, the 
stove having two or three rectangular openings on its 
upper side, in size corresponding to the interior of the 
reservoirs, which are to be inverted over these open- 
ings, the hot products of combustion passing freely 
through the row of holes, and bringing up the interior 
surface of the reservoir toa full red heat. In this state 
the reservoir is to be placed in its proper position in 
the roll frame, immediately after the arrival there of 
the ladleful of fluid metal. 

A pair of rails, Q, are supported on the roll frames, 
and serve for the conveyance of the ladle, R, which is 
mounted on wheels, and brings the metal direct to the 
rolls, or to any number of pairs of rolls that may be 
placed in line. 

The ladle is provided with one or more valves or 
stoppers of the usual kind, by means of which the sup- 
ply of metal to the reservoir, P, may be easily regulat- 
ed ; the several small streams from the reservoir wil! 
deliver an almost constant quantity of metal, varying 
only slightly as the operator regulates the head of 
metal in the reservoir—a means of regulating which a 
little experience would allow him to utilize with great 
advantage; from the smallness of the head of metal in 
the reservoir the several streams will fall quietly with- 
out splashing. These streams do not fall direct on to 
the rolls, but into asmall pool formed between the 
thin films, solidifying against the cold surface of 7the 
—_ the metal at all times being free from floating 
slags. 

Thes of the rolls also affords a means of regu- 
lating the quantity of metal retained between thew ; 
and as a pair of 4-ft. rolls would only require to make 
about four revolutions per minute, a quick-running 
engine could easily be provided with differential speed 
gearing, so as instantly to alter the speed of the rolls 
to the very small extent ever required during the roll- 
ing process. 

The thin sheet of metal, as it emerges from the un- 
der side of the rolls, is received between the curved 

uide plates, S and T, to the latter of which a cutting 

lade, U, is bolted. Beneath the guide plate, 8, a 
similar cutting blade is arranged to suddenly move 
forward by a cam and cut the thin sheet in two, the 
piece so cut afterward passing between the second 
pair of rolls, V V, from which it again descends by 
gravity, and passes between the third pair of rolls, 
W, and is delivered on to a horizontal table, or it may 
be allowed to slide down the inclined end of a cistern 
of water, and moved slowly forward. By these means 
it will be possible to cool and stack a ton of plates 
without any labor or trouble. 

The thickness of plates capable of being produced 
will much depend on the size of the rolls; if drums of 
10 ft. or 12 ft. in diameter are employed, it is probable 
that plates of % in. in thickness could be produced, or 
perhaps even thicker. The central space between 
drums of such large diameter would represent a sort 
of plate ingot mould with nearly parallel sides for some 
8 in. or 10 in. in depth. 

Wher produciag sheets of steel, the initial thickness 
of which does not ex one-tenth inch, it might at 
first sight appear that the finished plate, with only 
two more rollings, would not get sufficient work done 
upon it to develop the same degree of toughness an 
cohesion that would be ahiednadl by the many rollings 
which the present system necessarily involves; but # 
little consideration will render apparent the entirely 
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different conditions under which the 

plates takes place. 

Mild cast steel is a crystalline substance, and follows 

- the inevitable law of all crystalline bodies, in so far as 
the size of the crystals depend on the bulk of the mass 
and the time allowed for their formation ; the longer 
the time allowed, and the greater the mass, the larger 
are thre crystals obtained ; their planes of cleavage are 
also more clearly defined, and are more easily separa- 
ted from each other, or, in fact, have a less amount of 
cohesion. 

A cast ingot of 1 ft. square, quietly reposing in a 
soaking pit or heating furnace, may go on crystallizing. 
for two or three hours, and develop a coarse crystal. 
line structure, but, in rolling fluid steel in the manner 
pro , we have, in place of a 10 inch ingot, a sheet 
of one-hundredth of that thickness only, and in lieu 

of the two or three hours allowed in ordinary cases for 

the development of crystals, we have, when using a 4 

ft. pair of rolls, making four revolutions per minute, a 

transition from absolcte fluidity to absolute solidity 
in just one-half of a second of time, in a mass of only 
one-tenth inch in thickness; and if crystals are de- 
veloped at any period during the half second of time 
oceupied by this transition, they must be microscopic 
indeed, and possess but little, if any, of the proper- 
ties that are developed in large masses during hours of 
repose in the soaking pits; hence it appears, to me 
highly probable that the homogeneous fluid metal will 

s at once into a perfectly homogeneous uncrystal- 
ine body, aud being subjected to fluid, semi-fluid, 

and solid pressure in rapid succession, will develop the 

full cohesive force and toughness which the metai is 
susceptible of. 

It will be at once perceived that in this mode of dis- 
posing of a ladleful of steel in the rolls we avoid the 
eost and the wear and tear of casting moulds, and the 
labor of their removal and rearrangement at each 
casting operation, also the need for soaking pits or re- 
heating furnaces, with their accompanying cost of 
labor and fuel. There will also be no loss arising from 
the waste ends of piped ingots, etc. 

It will be understood that thin sheets so produced 
will not acquire any scale during the single minute 
they are exposed to the oxidizing influence of the at- 
mosphere prior to their immersion in the water tank, 
and in consequence of there being no overlapping of 
plates in rolling there will be but little loss of metal in 
shearing. 

With reference to speed of production, let us as- 
sume the will to be fitted with a pair of 4 ft. diameter 
rolls, 18 inches wide, and making four revolutions 
per minute, and set to produce a sheet having an 
initial thickness of one-tenth inch, and rolled by the 
third pair to one-twentieth inch, we should thus have 
a surface velocity of the first pair of rolls equal to 50 
ft. per minute, and making when finished 100 plates 
18 inches by 12 inches, one-twentieth inch thick, and 
weighing 300 pounds, or equal to a production of one 
ton of plates in seven and a half miuutes. 

Hence it becomes a question which is the least 
costly mode of dealing with a ladleful of fluid steel— 
forming it into massive ingots in moulds or making it 
into thin sheets in the manner proposed ? 


formation of the 


KITE PHOTOGRAPHY. 


For obtainiog aerial photographs we can operate 
only in a free or captive balloon or by means of a kite. 
The latter method is evidently the less complicated 
and the simpler of the two, and, moreover, can be 
utilized by anybody. So the remarkable labors of Mr. 
A. Batut, recorded in this journal and in an interest- 
ing pamphlet, have led various persons to experiment 
in this new field so fullof promise. Among those who, 
after becoming imbued with Mr. Batut’s ideas, have 
tried to improve upon them, may be mentioned Mr. E. 
Wenz, of Reims, who has obtained some very interest- 
ing results, which we deem it our duty to make 
known. 

Let us in the first place briefly recall the principal 
arrangements of Mr. Batut’s apparatus in order the 
better to set forth those adopted by Mr. Wenz. 

1. The Kite.—-This has the form of a quadrilateral 
composed of two isosceles triangles. One of the diag- 
onals is 2°5 meters in length and the other is 1°75 meter. 
The extremities of the frame are connected by a cord, 
and the whole is covered with paper strengthened 
with cloth at the angles. 

2. The Camera.—This is a simple cubical box of 
whitewood blackened internally and covered external- 
ly with black paper. The objective is placed upon 
one of the sides, and upon the opposite side, which is 
—— may be fixed the sensitive preparation—plate 
or film. 

3. Method of Suspending the Camera.—Asa result of 


the studies made by him, Mr. Batut admits as a prin- 
ciple that the camera should form part and parcel 
of the kite. To this effect he employs a triangular 
support which is screwed just above the center of the 
main rib. In order to completely free the field of the 
objective, Mr. Batut uses a double support that car- 
ries a bar, from the extremities of which start two 
cords that unite to form the principal cord. 

4. The Shutter.—This is a simple guillotine placed in 
front of the objective and operating through a touch- 
wood slow match lighted at the start. 

5. The Reel.—This consists of a wooden bobbin pro- 
vided at each end with a winch. 

Let us now examine, in the same order, the various 
parts of the Wenz apparatus. In this way, the modi- 
fications introduced will at once strike the reader with- 
out the necessity of dwelling on the subject at length. 

1. The Kite.—Mr. Wenz adopts the dimensions fixed 
by Mr. Batut, but he has, on the contrary, endeavored 
to render the apparatus capable of being taken apart, 
and to give it less weight. To carry a kite of so large 
a size, in fact, is not an easy thing to do, provided that 


Fie. 2.—WENZ’S PHOTOGRAPHIC KITE. 


there is some little wind. So that the advantage that 
the operator will find in mounting it only at the place 
desired will be easily understood. To this effect two 
copper tubes of the same diameter are brazed together 
in the form of across. Into each of these tubes is in- 
serted a bamboo rod provided (like fishing rods) with 
copper ferrules. These rods have the following di- 
mensions: 2 meters, 0°5 meter, and two of 85 centiwe- 
ters. Theskeleton of the apparatus is, therefore, cross 
shaped. The extremities of the rods are connected 
with each other by means of a cord. The whole sup- 
ports a canvas covering connected with the extremities 
of the rods by strong pockets. Small cords placed 
here aud there are fastened around the rods and main- 
tain the whole. This very simple arrangement, as may 
be seen, permits of quickly mounting the kite and 
taking it apart. 

2. The Camera.—Mr. Wenz employs wood and card- 
board cameras, either of the size 11 x 154 or 18 x 24. 
The first is provided with a simple objective, and the 
second with a large angu!ar one. The mountings of 
the objectives are of aluminum. 

3. Method of Suspension.—After trying the arrange- 
ment recommended by Mr. Batut, the author was 
obliged to discard it, on account of various inconveni- 
ences that he discovered. 

It is difficult, in the first place, to construct a sup- 
port for the camera which shall be both light and 
sufficiently rigid ; and, on another hand, on account of 
the very arrangement that renders the kite and camera 
interdependent, the apparatus is obliged to constantly 
follow the motions of the kite around its axis. And 
then, despite the special arrangement of the bar, it 
frequently happens that the cords get into the field of 
the objective. 

Mr. Wenz recommends another method, which con- 
sists in suspending the camera at pleasure in the sup- 
port. The latter, in fact, undergoes none of the rotary 


motions of the kite around its axis. The camera, so to 
speak, thus takes the place of the bar with a point of 
attachment on each side, so as to permit of easily modi- 
fying its inclination. 

This arrangement presents the following advantages: 
1, entire suppression of the camera support adherent 
to the kite; 2, the field of the objective completely 
free; 3, surface of action of the wind slightly increased : 
4, suppression of the bar; 5, regulation at will, and 
easy inclination of the camera, from the perspective 
view behind. We call particular attention to the lat- 
ter point, which is a capital ore. In fact, although it 
is of interest to take the topography of the field be- 
neath the kite orin front of it, it may be still more use- 
ful to reproduce the entire zone bebind the apparatus. 

There may thus be obtained dataas to pieces of 
ground not accessible to the operator. 

5. The Shutter.—Mr. Wenz places the shutter, which 
is merely a simple guillotine, in the iuterior of the ob- 
jective. He thus obtains a slight reduction of weight 
and especially of bulk. The shutter is operated by a 
touch-wood slow watch, as in the Batut system, or 
by a second cord, which permits of operating at the 
desired moment. 

6. The Reel.—Mr. Wenz, baving the intention of 
waking experiments at heights exceeding 1,000 meters, 
has endeavored to combine apn arrangement to permit 
him to wind up the cable rapidly, so as to shorten this 
operation as much as possible. The reel, carrying 2,000 
meters of cord marked at every 25 meters, is so sup- 
ported as to allow it to revolve freely. One of the ends 
carries a thick rubber which is in contact with a cast 
iron wheel mounted upon the box of the windlass, and 
which is actuated externally by weans of a winch. 
The diameter of this wheel and that of the rubber disk 
is so caleulated that six revolutions of the reel may be 
obtained for one revolution of the winch. The wind- 
ing may thus be done very rapidly. The box that sup- 
ports the reel is so arranged as to contain all the mate- 
riel—eamera, plates, reel, and the covering of the kite, 
but not the mountings, which are carried in the hand. 
It contains likewise a sort of tent of black cloth, which 
permits of using it for changing the sensitive prepara- 
tions. 

As may be seen from this description, Mr. Wenz’s 
materiel is well conceived and presents a perfectly 
studied system as a whole. We have in hand sowe 
excellent negatives obtained with this apparatus, and 
they are as remarkable for their execution as for their 
size. Several of them are 18 24 centimeters in di- 
mensions. We reproduce one of them in Fig. 1. Fig. 
2 shows the kite with the camera and its support. It 
is directed in such a way as to take a perspective view 
behind. In this position, the extremity of the kite 
will be in the field of the objective, but in all other 
positions the latter will be entirely free. Fig. 1 repro- 
duces a portion of an 18 X 24 photograph obtained un- 
der such circumstances. It represents the coast of 
Berck-sur-Mer. The photograph possesses a sharpness 
that could not be reproduced in an engraving. The 
view was taken ata height of 305 meters. Mr. Wenz 
calculated this height by measuring one of the build- 
ings reproduced upon his negative and the dimensions 
of the same object upon the latter; a@ being this first 


a 
measurement, and the second, we have 


« is the height sought, and f the focus of the objective, 
axf 


and we then have 2 = 


In closing, it seems of interest to state that Mr. 
Wenz has succeeded in constructing apparatus of ex- 
treme lightness, and in thus realizing a great progress 
upon what has hitherto been done.—La Nature. 


(Continued from SupPLeMENT, No. 826, page 13198. ] 
PHOTOGRAPHIC CHEMISTRY.* 
By Prof. R. MELDOLA, F.R.S. 
Lecture III. 


THE photochemical studies which have been dwelt 
upon inthe last lecture lead up to the consideration 
of the silver compounds, which must of course receive 
special treatment on account of their present import- 
ance in photographie processes. The broad facts that 
silver nitrate darkens on exposure to light when in 
contact with organic matter, that the silvar haloids 
become colored when exposed under suitable condi- 
tions, and that other salts of silver, both inorganic and 
organic, also darken on exposure, will form the experi- 
mental basis from which the student may be led to the 
further consideration of the subject. At the outset of 
this work it is desirable to point out that our know- 
ledge respecting the action of light on the silver com- 
pounds is in a different position to that concerning the 
simpler cases of photochemical decowposition which 
have hitherto been discussed. In the latter the chemical 
change is definite enovgh to be represented by ordin- 
ary equations, the composition of the final product be- 
ing in most instances known, In the case of the silver 
salts we possess no such accurate knowledge, and the 
nature of the products is still surrounded by mystery. 

When light falls on the silver haloids chemical de- 
composition takes place, accompanied by a change in 
color. Inorder that this statement may be properly 
realized, let it be shown that there really is decompo- 
sition, and that the chloride and bromide under these 
circumstances give off a gas which blues starch and 
potassiuw iodide paper. + The iodide does not undergo 
decomposition on exposure except in the presence of 
an iodine absorbent, 7. ¢., a sensitizer. From these 
facts a good lesson can be conveyed concerning the 
general nature of the action of sensitizers. Passing on 
to the action of light on films of the haloids, it is pos- 
sible, by means of a few simple experiments, to de- 
monstrate many iwportant properties of these coui- 
pounds with which the student should be familiar. For 
this purpose sheetsof paper, well coated with the pure 
haloids free from excess of silver nitrate, and a few or- 
dinary reagents, are the only requisites. By one opera- 
tion it can be shown that with the same exposure the 
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chloride becomes darker than the bromide and the 
latter darker than the iodide, and at the same time 
that reducing agents and halogen absorbents accele- 
rate, while oxidizing agents retard the decomposition. 
Thus three strips coated respectively with the three 
haloids may be painted with stripes of solutions of (1) 
sodium nitrate, (2) sodium sulphite, (8) silver nitrate, 
(4) mercuric nitrate, (5) potassium dichromate. After 
exposing these strips simultaneously to the action of 
light, the stripes 1 and 2 will be darker than the ground 
color, showing the accelerating action of the reducing 
agents, 3 will also be darker than the ground color, 
showing that a halogen absorbent may also act as an 
accelerator without nevessarily being a reducing agent, 
while 4 and 5 will retain the original color of the 
haloid, showing the retarding action of oxidizing 
agents. A comparison of the ground color in the three 
strips will also serve to show the different colors of the 
products of the photochemical decomposition. 

Such demonstrations as these cannot fail to impress 
the mind that the action of light on the silver haloids 
is a distinct case of photochemical decomposition, but 
it is necessary at this stage to issue a caution. The action 
is in these cases continued up tothe point of visible 
darkening, whereas in the photographic film the ex- 
posu re is so short that no directly visible effect is pro- 
duced. It must be enforced, therefore, that in associ- 
ating the photographic image with these darkened 
products we are tet ay largely upon arguments from 
analogy, and although | personally am inclined to the 
opinion that the products are the same in both cases, 
this view cannot be taught as a dogmatic truth in the 
present state of knowledge, for however probable it 
may appear for analogy, it must not be forgotten that 
in the way of direct proof there is still a gap which 
must be bridged over before the identity of the pro- 
ducts can be taught as an established fact. But the 
full consideration of this question is better deferred 
till the photographic film itself comes to be dealt with 
The point that will now present itself is the actual 
composition of the darkened products, and here it may 
at once be pointed out to the student that our know- 
ledge reepecting these compounds is in precisely the 
same state as that concerning the colored haloids 
dealt with in the last lecture. In the case of the dark- 
ened chloride, it has been proved that this product 
contains a little less chlorine than the normal chloride. 

In all three haloids, no matter how long the exposure 
may be, the final product always contains an enorm- 
ous excess of unaltered haloid. It may safely be 
asserted that these products are not chemical com- 
pounds in the ordinary acceptation of the term, since 
they are not composed of the haloid combined with 
the colored product of photochemical decomposition 
in definite molecular proportions.* Neither can the 
* photosalts ” be classed with definite ‘‘ molecular com- 
pounds” of modern chemistry, since the latter also 


consist of substances combined in the definite! mole- | 


cular peepeasens, and can be more or less readily re- 
solved into their constituent molecules by appropriate 
treatment. But the “ photosalt ’ cannot be resolved 
by any such treatment, since all solvents which dis- 
solve the normal haloid appear to decompose the 
darkened product, leaving only a trace of metallic 
silver. On the other hand, metallic silver cannot be 


methods. 
Dn answer to the question which the inquiring stu- 
dent would naturally put, what is the photosalt, it can 
only be said that these products musf be regarded as 
indefinite molecular compounds of the silver haloids 
with colored unstable products of photochemieal de- 
composition, the composition of the latter being as yet 
unknown. That the colored products are unstable 
appears from the fact that they cannot exist apart 
from an excess of the normal haloid. In the same way 
that a solvent will take up a solid till the point of 
saturation is reached, so the silver haloid, on exposure 
to Jight, becomes decomposed up toa certain point, 
i. e., the point when the haloid is saturated with the 
colored product of photodecomposition.+ Beyond this 
int the action of light produces no further effect un- 
essa reducing agent is present capable of combining 
with the liberated halogen as fast as the latter is lib- 
It is advisable to let the student observe for 
himself that silver iodide prepared with excess of 
potassium iodide undergoes no change of color on ex- 
posure to light, but that in the presence of silver nitrate 
or reducing agents, darkening occurs. Let him observe 
also that the darkened chloride yields no appreciable 
quantity of silver to dilute nitric acid, but that in the 
presence of a strong reducing agent, even when the lat- 
ter is gaseous, such as hydrogen, the reduction may pro- 
ceed up to the complete liberation of the metallic silver. 
This last point can be demonstrated very conveniently 
by placing some finely divided silver chloride (prepared 
by precipitation) into a glass tube through which acur- 
rent of moist hydrogen is kept passing, the gas being 
made to bubble through a solution of silver nitrate 
containing free nitric acid. On exposing the contents 
of the tube for some time to strong light, silver chlor- 
ide is precipitated from the solution of the nitrate, the | 
chloride in the tube (which should be shaken from | 
time to time in order to expose fresh portions) gradu. | 
ally becomivug dark colored. An equal quantity of the 
chloride may be exposed in air at the same time for | 
comparison. The two lots of darkened chloride are | 
then treated with équal quantities of dilute nitric acid, | 
the clear solution filtered off, and the filtrates tested 
for silver. If the experiment has been properly con- 
ducted, the solution from the chloride darkened in hy- 
drogen will be found to contain distinct traces, while 
that from the chloride darkened in air will be free 
from silver. Itis hardly necessary to point out that 
the chioride used in this experiment should be free 
from excess of silver nitrate, i. ¢., prepared with an 
excess of a soluble chloride or chlorhydrie acid.t 


ar 


* It must be recognized that the definite character of molecular com- 
nds passes into the indefinite when we have 4 H,O, 4 C.H,0,, 
H,0, etc., in crystalline products, 

+ The analogy between a photosalt and a saturated solation was indi- 
cated in a lecture delivered last year at the Royal Institution (“ Proc. Roy. 
TInet.,”* vol. xiii, p. 143). The idea of a ** solid solution * may appear some- 
what strained, and [| am glad, therefore, of the present opportunity of 
calling attention to a similar idea which bas occurred to others iu con- 
nection with a totally different branch of chemistry, viz., the affinity of 
coloring matters for fabrics. This notion has been expressed by Dr. 
BE. Knecht Journ. Soc, Dyers and Colorist«,” 1889, p. and recently 
it hae been extended with considerable force to the theory of dyeing by 
my friend Dr.‘Otto N. Witt Facrber Zeitung,” 1800—91, Part 1. 


¢ The above experiment is a modification of one described by Robert 


extracted from the ‘‘ photosalt” by any of the ordin- 


Having arrived at the conclusion that the silver ha- 
loids, when exposed to light under suitable conditions, 
lose a small quantity of their halogen, and become 
converted into colored compounds, the course of in- 
struction will here naturally diverge along two lines : 

(1.) The nature of the colored product combined with 
the excess of unaltered haloid ; ani 

(2.) The part played by the associated substance or 
sensitizer. 

With regard to the first, it must be pointed out that 
although we have no positive information of a conclu- 
sive character, many views have | » advanced,which 
are more or less worthy of conside: «iiuon, and an excel- 
lent exercise in the use of scientific judgment might be 
civen to the advanced student, by submitting the cur- 
rent notions respecting the composition of these pro- 
ducts, and requesting him to prepare a critical essay 
embodying his own views. Although no definite con- 
clusion might be arrived at, the exercise cannot fail to 
be of value as an educational test, not ouly by compel- 
ling the student to refer to original papers, but also as 
calculated to bring out any originality he may possess 
in the way of devising new crucial experiments—the 
highest criterion of a asa technologist. Re- 
specting the view that these compounds contain metal- 
lie silver, the fact that the chloride darkens under 
nitric acid may be taken as evidence to the contrary. * 
The discussion of the possibility that sub-haloids are 
present will link this part of the subject on to the 
purely chemical considerations dealt with in the last 
lecture. The possibility of the colored products con- 
taining oxygen, i. e., being of the nature of oxyhaloids, 
is also worthy of being entertained.+ In favor of this 
view is the analogy of cuprous chloride, which darkens 
only in media which can supply oxygen and which un- 
der these circumstances apparently forms an oxychlo- 
ride. Inthe same sense may be interpreted the distinct 
sensitizing action of water already referred to. On 
the other hand, it may be pointed out that the chlo- 
ride darkens in a high vacuum (7. ¢., in the presence of 
mereury vapor), and under liquids such as pure ben- 
zene, petroleum, and carbon tetrachloride, which con- 
tain no oxygen, and which have previously been dried 
by chemical methods. The question thus assumes the 
form, whether the nature of the colored products may 
not vary in different media; whether, in easily halo- 
genized liquids, such as benzene, the reduction might 
not be analogous to that which occurs in hydrogen ; 
whether, in other cases, the unsaturated silver haloid 
residue may not form a colored compound with the or- 
ganie product, and so forth. It may be pointed out 
that such questions as these open a wide and interest- 
ing field for experimental investigation. 

With regard to the second point—the action of the 
substance associated with the silver haloid—it is legiti- 
mate to connect this action with the ordinary chemical 
| processes with which the student has been familiar- 

ized. He has been taught that reduction and oxida- 
tion are concurrent in ordinary chemical reactions, 
such as when a silver sult is reduced by a ferrous 
|salt. The principle can now be extended to photo- 
| chemical reactions. With the exception of a few cases 
|of pure dissociation (such as the resolution of gold 
|oxide into metal and oxygen under the influence of 
| light), which have no direct bearing on photograph- 
ic processes, the photochemical changes with which 
the photographic chemist has to concern himself may 
| all be considered from the same point of view as those 
which have been made use of by way of special illus- 
trations. There is no fundamental difference in princi- 
| ple between {the action of light on a mixture of ferric 
| chloride and oxalic acid, or mercuric chloride and am- 
monium oxalate, and its action on a silver haloid 
mixed with water, silver nitrate, sodium sulphite, gela- 
tine, or any other organic compound capable of being 
oxidized or halogenized. The only differences are in 
the relative velocities of chemical change, and in the 
circumstance that in the case of such metals as iron 
and mercury the products are definite and known, 
while in the case of silver the products are indefinite 
and unknown. The student will thus be led, without 
a break, from ordinary chemistry to photochemistry, 
and from the latter to the chemistry of photographic 
processes. He will now realize that the photographic 
film is to be looked upon as a system of chemical com- 
pounds capable of undergoing atomic rearrangement 
under the influence of the external energy of light. 
He will grasp the full meaning of the term “ sensiti- 
zer.” and he will see that the function of the latter is 
quite as important as that of the silver haloid itself. 

Frow this point the practical study of photographic 
methods, the preparation of emulsions and films, the 
uses of collodion and gelatine as vehicles, the action of 
preservatives, and all the technical details of modern 
processes, can be taken up or resumed. Then in natu- 
| ral sequence will follow the consideration of the nature 
of the photographic image and its connection with the 


colored products resulting from the prolonged action 
of light on the silver haloids. At this stage, again, 
caution is necessary, and dogmatic statements must be 
avoided. The action of light on the sensitive films in 
use in photography, including all the films employed 
for producing pictures in the camera, from the iodized 
silver plate of Daguerre to the gelatino-bromide plate 
of modern times, gives rise to no visible product of 
photochemical decomposition. Is it therefore legiti- 
mate to conclude that the short exposure necessary to 
give a developable picture produces any photochewi- 
cal decomposition atall? It must be pointed out thar 
there is here another gap in the way of direct proof, 
but that the indirect evidence is all in favor of there 
being such a chemical change. Of the nature of the 
material composing the invisible image we know no 
more than wedoof the composition of the colored 
products of photochemical decowposition, or of the 
photosalts. hey way be identical or not, but that 
the image is the result of a true chemical change can 
be made to appear highly probable to the student by 
a few well chosen demonstrations. Let us consider 
the evidence as it stands. 

The invisible image is either the product of chemical 
decomposition, or it is not. If it is not, then some 
other explanation must be invoked. The only other 
view is that the eneray of light is not at first used up 
in doing chemical work, but that before true chemical 
decomposition occurs there is an intermediate stage, 
during which the energy is engaged in loosening the 
affinity between the atoms of the halogen and the sil- 
ver. his would be analogous to Bunsen and Roscoe's 
photochemical induction.” According to this view, 
we should have to regard the first action of light on 
the sensitive film as a purely ao action, resulting 
in the formation of an unstable modification of the 
silver haloid, more easily reducible than the ordinary 
modification. It might be thought that such a physi- 
cal modification would be easily producible by the 
limited action of light on the pure silver haloid, but as 
far as my own experiments have gone, this does not 
appear to be the case. By exposing pure, dry silver 
bromide films, obtained by the method already de- 
scribed, for sufficient time to produce a well-defined 
developable image on a photographic plate, no differ- 
ence in the reducibility of the exposed and unexposed 

arts could be detected. In fact, the films of the pure 
ialoid are so insensitive that an exposure to bright 
sunlight of sufficient duration to completely solarize 
the slowest of modern dry plates showed no difference 
in reducibility by potassio-ferrous oxalate or alkaline 
pyrogallol between the exposed and unexposed por- 
tions of the surface. The conclusion to be drawn from 
these experiments is that in this form the silver haloid 
cannot be converted into a more easily reducible physi- 
cal modification by any moderate exposure to light— 
certainly not by an exposure considerabiy greater than 
that necessary to impress an image on a gelatino-bro- 
wide plate. 

At this point the question of molecular aggregation 
comes into consideration. Is it not possible that in 
the iodide film of the old collodion process, or in the 
gelatino-bromide emulsion, the silver haloid is in a 
different and more highly sensitive state of molecular 
aggregation? Is there, in fact, a more unstable con- 
dition of the haloid than that resulting from the action 
of the halogen ona silver mirror on glass? In con- 
sidering this part of the subject, attention may be 
called to the experiments which the student has al- 
ready been recommended to make in connection with 
the modifications of the haloids. His experience in 
the preparation and ripening of emulsions will also 
render good service in enabling him to fairly consider 
the evidence. It is possible that some weight—how 
much it is not yet possible to decide—may have to be 
given to the state of aggregation as a factorin deter- 
mining the extreme sensitiveness of the photographic 
film. At the same time it must be pointed out that no 
experimenter has ever yet succeeded in preparing a 
film of silver haloid in any state of aggregation free from 
every suspicion of a sensitzer, and capable of receiving 
an invisible and developable impression in the same 
time as an ordinary photographic plate.* 

We are thus brought face to face with the remark- 
able fact that a film of pure dry haloid gives no pro- 
duct which is more easily reducible than the original 
haloid by any reasonable amount of exposure to light. 
Let the same haloid be diffused in fine particles 
throughout a sensitizing vehicle such as collodion 
(with the necessary preservative) or gelatine, and an 
exposure for a few seconds or a minute fraction of a 
second gives a product which is far more readily re- 
ducible than the unexposed haloid. It may be 
pointed out that it is extremely difficult to see where 
the necessity for invoking the — theory of the 
photographic image comes in when these facts are 
fairly weighed.+ The facts themselves can be easily 


Hant (* Researches on Light,” 2nd ed., p. 78). This method has recently 
been applied by R. Hitchcock (** Amer, Chem, Jour.,”’ xi., p. 474) for de- 
termining quantitatively the loss of weight in films of silver chloride ex- 
posed to light in an atmosphere of hydrogen, The author considers that 
his experiments prove that oxygen does not enter into the composition of 
the darkened product, i, ¢., that they disprove the oxychloride theory. 
Butsince water vapor was present, and was i:.deed found to be indispens- 
able for the photodecomposition, his inference cannot be allowed much 
weight. Moreover, since hydrogen is known to reduce the chloride to 
silver under the conditions of the experiment, the darkeued product may 
have a different composition to that formed in air : it may consist of re- 
duced silver, mixed with unaltered chloride. (See aleo C. H. Bothamley 
in “ Brit. Jour. of Photog.,” April 4, 1890.) Hitchcock's films were pre- 
pared by allowing finely divided -ilver chloride, obtained by precipita- 
tation, to subside on glass, (Herschel and Hunt's method.) After being 
| washed and dried under a desiccator, the films were but slightly darkened 
in dry air, even after an hour’sexposure to bright sunlight. The intro- 
duction of water rapidly increased the rate of darkening, thus furnishing 
another illustration of the very familiar fact that water acte as a sensitizer. 
This point was ilinetrated during the lecture by two experiments, con- 
ducted simultaneously. Strips of paper, coated with the chloride 
bromide respectively, were pastly ecreened by black paper, the exposed 
portions being partly wetted with distilled water. The chloride paper 
was allowed to remain ex to the electric light till visibly colored ; 

the bromide paper was withdrawn after afew seconds and developed 
| with weak ferrous oxalate Cy In both ouige the portion wetted 

with water was distinctly darker the exposed dry part of the coated 

paper. 
| * Ostwald anhesitatingly affirms, both with respect to the wet collodion 
| and gelatino-b d } Pp b traces of metallic silver are 
liberated by the action of light. (‘*Grandriss der allgemeinen Chemie,” 

pp. 262-263.) 

+ According to a recent research by Dr. A. Richardson (“ Journ, Chem. 
Soc.,”"Wwol, 58, p. 586), the chloride darkened under water does not contain 
oxygen. I learn, however, from Mr. H. B. Baker, of Dulwich College, 
that he has come to an opposite conclusion. His experiments are not yet 
completed, but be considers that the evidence in favor of the view that 


| 


the darkened chloride contains oxygen is quite conclusive. He has mea- 
sured the oxygen absorbed and the oxygen ved by the action of chlo- 
rine on the darkened product, 


* According to Stas the third (granular) modification of AgBr (both the 
white and yellow forms) are extremely sensitive to light. He states that 
on boiling (with water ?) in a glass flask they become darkened in two or 
three seconds by the blue flame of a Bunsen burner. It is not clear from 
the description whether be attributes the darkening to the light of the 
burner alone, but the conditions are obviously very different from those 
which exiet in a photographic film. It would be of interest and import- 
ance to reinvestigate this modification of AgBr from the photographic 
point of view. With reference to the production of an invisible image on 
a film of AgI on glase, opinions ure divided (compare Abney, “* Treatise 
on Photog.,” 5th ed., p. 25, and Eder, ** Handbuch,” Part If., pp. 11 and 
20). The authority fdr the statement that such an image can be produced 
is Carey Lea. In orier to submit the question to the test of experiment I 
have made, with the co-operation of Mr. T. H. Norris, some further expe- 
riments with iodized silver mirrors op glass. The results with alkaline 
developers are the same as those with the brominated mirrors ; there is no 
difference in redacibility between the exposed and the unexposed portions 
of the film, With an acid developer, however, a developable image is 
produced, A plate was half covered by a black screen and the nncovered 
portion exposed for five minutes to the light of the electric are, The de- 


and | veloper was the ordinary pyrogallol solution withacetic acid as a restrain- 


er and a few drops of AgNO solution. The silver deposit formed on the 
exposed portion long before the unexposed half was attacked. This con- 
firmejCarey Lea’stresults, and at the same time opens up a very wide ques- 
tion, viz., whether photochemical d position is y for ances 
ment by accretion as distinguised from development by redaction. It 
may be that photophysical change is competent to give an image capable 
of scoretional deve opment. It is known that the silver haloid when crys- 
talline is susceptible of photophysical change (Schultz-' k, Pogg. 
Ann., vol, 143, p. 439). 


+In his inangurel address to the Photographic Section of the Liver- 
pool Physical Society (Jan. 19, 1801, “ Photography ;" Feb. 19 and 
29, 18¥1), Dr. F. Hurter states that it has always appeared impossible to 
him “ to reconcile the short exposures neceseary for the production of 
photographic images with any theory which demanded the absolute 
separation of the halogen, or - of it, from the silver.” He bases his 
objections to this (chemical) theory on quantitative experiments, whic! 


go to prove that the energy supplied by the initial source of lighy i= 
to or = 


totally i account for the decomposition of the haloid, 
quantity 


on the film by subsequent development. 
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demonstrated without any appeal to a photographic 
plate. It is only necessary to take one of the bromi- 
nated silver mirrors and streak it with a dilute solu- 
tion of gelatine, allowing the solution to remain for 
ten or fifteen minutes in contact with the film. The 
gelatine strips can, if necessary, be kept moist by add- 
ing water from time to time The plate is then ex- 
posed to strong light for a few seconds, washed with 
warm water to remove the excess of gelatine, and then 
developed with a weak ferrous oxalate solution con- 
taining plenty of potassiam bromide. If the experi- 
ment has been properly made, the stripe under the 
gelatine develops before the remainder of the film is 
attacked. 

From this and many analogous experiments which 
might be made or quoted,* it will be made clear to the 
student that the function of the sensitiziug vehicle is 
of a very high order of importance. It will be seen 
also that the particular vehicle now in vogue, gela- 
tine, is a particularly good sensitizer, and it is legiti- 
mate to connect its sensitizing action with its well 
known power of taking up bromine. It may be asked 
whether it is more probable that mere contact with a 
solution of gelatine should so alter the physical con- 
dition of the haloid (as in the last experiment) as to 
convert it from a comparatively insensitive to a highly 
sensitive physica! modification, or whether it is more 
probable that the gelatine should act in the same way 
as the reducing agents used as sensitizers in the former 
experiment with the coated papers. It may, I think, 
be fairly taught that the balance of probability is in 
favor of the purely chemical action of the gelatine. 
In accordance with this view is the fact that no collo- 
dion emulsion, however the haloid may be modified in 
physical condition by “ripening,” can be made as 
rapid as a modern dry plate. On the other hand, in 
favor of the view that some weight must be given to 
the state of aggregation, it may be pointed out that 
the silver bromide on glass, although considerably iu- 
creased in sensitiveness by contact with a gelatine 
solution, is still much less sensitive than the emul- 


sion. 

If, therefore, it is regarded as improbable that mere 
contact with a gelatine solution can alter the physical 
condition of the haloid, it may be asked what happens 
during the ripening of an emulsion. The student will 
have learnt that when silver bromide is first precipi- 
tated in gelatine, the emulsion is comparatively insen- 
sitive. It is only by long contact with the gelatine 
solution at the ordinary temperature, or by the action 
of heat for a shorter period, that the emelsion ac- 

uires its maximum sensitiveness. It is believed by 
the majority of photographic chemists that the change 
which occurs during this process is a purely physical 
one—that there is a growth in size of the particles ac- 
companied by corresponding changes in optical prop- 
erties.+ As already stated, it is possible that some 
such physical change of condition may occur, and 
that the increase of sensitiveness may be partly attri- 
butable thereto. The condition of the bromide par- 
ticles in an emulsion is, from the beginning, very 
different from the condition of the bromide on a film 
presen by brominating a silver mirror on glass. 

evertheless, I do not believe that we are at present 
justified in teaching dogmatically that the whole in- 
crease in sensitiveness is due to physical modification 
only. 1 must confess that, from experiments which I 
have been making, and which I hope at sowe future 
time to continue, I am gradually coming round to 
the view that more and more weight must be given 
to the probability of combination between the silver 
haloid and the gelatine, and less weight to the state 
of molecular aggregation, than has hitherto been con- 
ceded. If analogy is wanted in support of this view, 
it is only necessary to remind you of the existence of 
the “ gelatino-nitrate ” of silver prepared in a former 
experiment. If gelatine can combine with silver 
nitrate to form a compound capable of photo-chemical 
decomposition, it is not unreasonable to suppose that 
a similar kind of compound might be formed from a 
silver haloid and gelatine, or some constituent of the 
gelatine, under the conditions essential for ripening 
an emulsion. It is desirable that the photographic 
chemist should be prepared for the proof, which may 
at any time forthcoming, that the marvelous 
sensitiveness of the modern dry plate is not altogether 
due to the particular state of aggregation of the silver 
haloid, but that the substance which is so sensitive to 
light is an organic silver ialoid compound belonging 
to that indefinite ‘‘molecular” group so frequently 
met with in this branch of chemistry. 

From this stage onward, the practical study of pho- 
tographic processes may be carried on hand in hand 
with the demonstration of the chemical principles 
concerned. The photographic image will be regarded 
as being most probably composed of a product of true 
photochemical decomposition. This product may, 
OF may not, be identical with the ‘‘ photo-salts,” but it 
is not improbable that its composition may vary ac- 
cording to the nature of the vehicle with which the 
silver haloid is associated. The sensitive film which 
is now in general use will be regarded as a ‘‘ gelatino- 
bromide,” in the same sense that the term ‘“ gelatino- 
nitrate” has beenemployed. The photographic image 
will be looked upon as a design on the surface of the 
gelatino-bromide, composed of a chemical product 
more easily reducible than the gelatino-bromide, and 
invisible simply because of the extreme tenuity of the 
deposit. When a reducing agent is applied, the 
waterial composing the invisible image is alone re- 
duced to metallic silver,t and the picture is said to be 


does not appear to me, however, that these experiments or calculations 
in any way affect the chemical theory of the photographic image. The 
actual amount of photochemical position, as d by the 
quantity of silver produced on reduction, may be, as the author states, 
connected with the initial source of energy by a logarithmic law. But 
this does not prove that no seperation of halogen takes place; the 
energy is not to be regarded as acting upon AgBr alone, but upon a most 
intimate mixture or possibly even upon a compound of AgBr and gela- 
tine. The latter substance is well known to combine with bromine to a 
very considerable extent (20°5—22°9 p. c.; see Weyl in Chem, Cen 5 
, P. 198, and Knop, ddid., 1879). The action of light on the photo- 
graphic film is rather comparable with the action of heat on an ex- 
plosive mixture or compound ; the total energy evolved on the’ explosion 
gunpowder is not depend on the t of energy supplied by the 
*park which «ietermines the explosion. 
* see Sec. III. of Chap. X. of Eder’s “ Ausfnhri. Handb.,” Part III. 


fo Ss farther particulars, see “ Ch y of Photography,” pp. 120, 
+ Itis well known that a reducing agent of sufficient strength to re- 


duce silver bromide directly, such as the ordinary ferrous oxalate 
loper, may be applied with a gelatino bromide dry plate. It is 
generally taught that the haloid is protected in such an emulsion by 


**developed.” The subject of deve t may now 
be dealt with, and the chemical principles of the pro- 
cess demonstrated. It is necessary to commence by 
pues out that a pho phic developer may act 
n two distinct ways. In development by vapor, as in 
the daguerreotype,and in the so-called acid developers, 
there is an accumulation of finely divided metal (re- 
sulting from condensation in the case of mercury 
vapor, and from chemical reduction in the case of acid 
ane on the material of the invisible image 
only. If, for example, silver nitrate is reduced by fer- 
rous sulphate or pyrogallol, the pulverulent deposit of 
metal accumulates by preference on the product of 
photochemical action, and continues to be deposited 
thereon as long as there is silver being deposited from 
the developing solution. Where the silver deposit has 
once formed, there it continues to grow by accretion, 
and the roan picture is built up of metallic silver. 
The action is, doubtless, of an electrolytic character, 
the material of the invisible image and the unaltered 
haloid forming the two elements of a galvanic couple, 
and the tie ay | solution playing the part of the 
electrolyte. To illustrate the mode of action of de- 
velopers of this clas., it is only necessary to use one of 
the silver on paper designs produced as in the first 
lecture. An extremely faint design in reduced silver, 
on being immersed in a solution depositing the metal 
by reduction, becomes darker and darker by the pro- 
cess of accretion. In order to broaden the stadent’s 
notions, it must be pointed out, and illustrated ex- 
perimentally, that this process is not peculiar to silver. 
A design in any freely divided metal, such as mer- 
eury, gold, or platinum, produced by reduction (chemi- 
cal or photochemical) on a paper surface can be 
‘*developed ” in the same metal, by immersing it in 
the solution from which the metal is being deposited 
by chemical reduction. 

The other kind of development effected by such 
reagents as ferrous oxalate, alkaline pyrogallol, eikono- 
gen, and hydroquinone, must be regarded as also due 
to reduction ; but, in these cases, it is the waterial 
composing the invisible image which is directly re- 
duced. This constitutes the so-called alkaline develop- 
ment. It must be taught, in connection with this 
subject, that the silver deposit which results from the 
reduction of the invisible image is not the exact equiv- 
alent of the quantity of material composing that image, 
but that the reduction commenced on the portions 
exposed to light extends downward through the film 
as long as the developer is acting. In fact, it must be 
made clear that the silver deposit grows by continued 
reduction, the action in this case also being most 
probably electrolytic, the elements being the first film 
of reduced silver, the unchanged haloid with which it 
is in contact, and the developing solution as the con- 
ducting medium. 

The final result of both kinds of development is the 
production of a silver picture, composed of far more 
silver than can be accounted for by the actual quantity 
of the material composing the invisible image. The 
two kinds of development may be classified as ‘‘ accre- 
tional” and ‘“‘reductional” (chemical and physical, 
according te the Continental photographers). The 
broad principles of the process having been eluci- 
dated, the student may proceed to the study of the 
individual developers, their mode of preparation, and 
the probable chemical changes which they undergo 
when acting upon an exposed plate. In dealing with 
the latter point, it is not essential that the actual com- 
position of the material composing the invisible image 
should be known; it is only necessary to regard the 
action as occurring between free halogen and the 
reducing agent in the presence of water. In the case 
of such a developer as ferrous oxalate the chemical 
change is sufficiently obvious, but the action of halo- 
gens and water upon organic reducere is far less 
definite, and it will be safer to abandon all attempts to 
represent the changes by equations in the present 
state of knowledge. It may be less satisfactory, but it 
is a more truly scientific attitude to confess imperfect 
knowledge than to invent nicely balanced equations 
which may be quite remote from the truth. 

Having mastered the principles of development, it is 
important that the student should have his attention 
directed to certain phenomena which connect this 
subject with the initial action of light on the photo- 
graphic film. He will have learnt from the previous 
demonstrations that the photographic image with 
which he is practically familiar is most probably a 
product of photochemical decomposition. He will 
thus be prepared for the proof that chemical reducing 
agents may act in the same way as light; that is to 
say, that by employing a very slow reducer and allow- 
ing it to act on the silver bromide for a short time, the 
reduction is carried to the same stage as that which 
results from the initial action of light. The process of 
reduction can be arrested at the invisible stage—at a 
stage intermediate between the haloid and the free 
metal. The product thus formed, whatever its com- 
position may be, is more easily reducible than the 
original haloid, and can therefore be “‘ developed” by 
ferrous oxalate, etc., in just the same way as the invis- 
ible image. The simplest way of showing this is to 
stripe a sheet of paper coated with the haloid with an 
alkaline solution of glucose, allow the latter to act for 
afew minutes, wash thoroughly, and then develop 
with weak ferrous oxalate containing plenty of soluble 
bromide. It may be pointed out that such a result as 
this, for the experimental demonstration of which we 
are indebted to Carey Lea, is opposed to the physical 
theory of the photographic image, since it is difficult 
to see how the mere contact of a silver haloid with a 
feeble reducing agent can modify the physical stability 
of the haloid so as to transform it into a chemically 
unstable modification. 

Another fact bearing on the present subject, which 
must not be overlooked, is that mechanical force of the 
nature of a shearing stress also produces a developable 
impression on a silver haloid film. So far as my experi- 
ments have gone, this result cannot be produced except 
in the presence of a sensitizer; any of the ordinary 


virtue of the embedded in the gelatine. I am disposed to 

ion is not merely physical, but that the 
weak chemical combination between the haloid and the gelatine (or one 
of its constituents) results in the formation of a compound less re- 
ducible than the haloid itself. I may point ont, incidentally, that the 
change in size of the particles, and the modification in - 


cal 
ties unde: gone by the emulsion my 17 process of saponins ea we as 
the increase in sensitivenesa, are in accordance with the chemical 
theory of the gelatino-bromide film, 


hotographie films will show it, but I have thus far 
m unsuccessful with the halogenized mirrors on 
glass. Although negative evidence does not count for 
much, it appears thus far that the effect is only pro- 


ducible under the same conditions that an invisible 
image is produced by light. If this be so, then we 
have an additional argument in favor of the chemical 


theory of the photographic image, for the researches of 
Prof. Spring of Liege have shown that a mixture of 
compounds can be made to undergo chemical interac- 
tion by mechanical pressure alone. The silver haloid 
and its associated or combined sensitizer provides such 
a mixture or compound. 

In connection with the necessarily related subjects 
of exposure and development, the phenomenon 
reversal must be dealt with. I regret exceedingly that 
time is pressing me toward a conclusion, and that I 
can do no more than hint at the mode of treatment of 
this important subject. I have already expressed the 
view* that this phenomenon is best regarded as re- 
versed chemical action between the halogenized sensi- 
tizer and the material of the invisible image. Since 
that view was put forward three years ago, no new 
facts have been adduced which are in opposition to it, 
and I am therefore bold enough to think that it is at 
any rate worthy of being taken into consideration b 
the teacher of photographic chemistry. In the 
est possible terins all that we have to consider is that 
the ‘* photosalt” in contact with a sensitizer contain- 
ing more than a certain quantity of halogenizing or 
oxidizing material has the tables turned upon it, to 
speak metaphorically, and then acts as a sensitizer 
toward the film which at first acted asa sensitizer 


toward it. The principle can be demonstrated by 
utilizing a he old experiment. It is known that 
potassium iodide is capable of undergoing photo- 


chemical oxidation in the presence of moisture and air ; 
iodine and potassium hydroxide are formed, and 

course interact in the absence of some other iodine 
absorbent. A photosalt is an iodine absorbept, and 
therefore if a sheet of paper be coated with a silver 
haloid, and then exposed to light till it darkens, we 
have a surface capable of sensitizing a solution of 
potassium iodide, so that the latter undergoes photo- 
chemical oxidation with extreme rapidity, the liberated 
iodine being absorbed by the photosalt, which thereby 
bleached, 7. ¢., converted into the ordinary 

aloid. 

Having brought the student up to this stage of 
knowledge, we must leave him in possession of a silver 
picture produced by development, and the chemist 
of the subsequent operations of fixing, clearing, intensi- 
fying or reducing, prioting, toning, and so forth, will 
be comparatively simple, after the course through 
which he is supposed to have been conducted. With 
regard to these subsequent operations, all that has to 
be borne in mind is that, after fixing and washing, the 
image is composed of a graduated deposit of metallic 
silver, and that all the changes that are wrought upon 
it by intensifiers or reducers are simply the result of 
ordinary chemical transformations. hus the prin- 
ciple of intensification may be demonstrated in the 
usual way, viz., by producing a design in silver on 
paper, as in the first lecture, then bleaching it by im- 
mersion in a solution of mercuric chloride, and, after 
washing, converting the mercurous chloride formed into 
the dark dimercurous ammonium chloride. The final 
result is a more opaque image—the latter has become 
intensified. 

I have, perforce, been obliged to keep rigidly to my 
programme in this course of lectures; there has been 
no time for straying into by-paths, and I have con- 
fined myself strictly to the chewical aspect of the sub- 
ject. I said, at starting, that it has also its physical 
side, and the special action of the spectrum colors on 
the different photo-sensitive compounds, the electrical 
phenomena accompanying development, the action of 
special sensitizers in connection with orthochromatic 

hotography, the subject of heliochromy, ete., must 
& included in every complete course of instruction in 

hotographic technology. It has been my object to 
ndicate the general lines on which this branch of 
technical training should be conducted ; the teacher 
willno doubt discount the personal element from these 
lectures as far as he may think desirable, and after he 
has done this, if he will conduct the student along the 
broad track toward which I have acted the part of a 
finger post, we may call into existence a race of tech- 
nologists who will raise the subject of ey to 
that high position as a science which it has already 
taken as an art. 


VOLUMETRIC ANALYSIS. 


On«x of the more important additions to the minor 
exawination, which will for the first time be taken at 
the October examination, is volumetric analysis. 
Hitherto this subject has been confined to major can- 
didates, and we may safely say that all others have 
left it severely alone. We know from the prospectuses 
of the schools that the subject will receive immediate 
attention from teachers, but a large number of students, 
who may not attend a school for some time, will be 
anxious to have volumetric analysis explained on a 
less ambitious scale than is presented in the standard 
text books on the subject. For such this article, which 
has been given as a lecture to students, is intended. 

Given a piece of lunar caustic, by qualitative analy- 
sis we find that it is composed of nitrates of potash 
and silver, and, to ascertain the quantity of silver, we 
mer take a gramme of the caustic, dissolve it in water, 
add excess of common salt, collect the precipitated sil- 
ver chloride, wash, dry, and weigh it, and may find 
that it corresponds to 95 per cent. of silver nitrate. 
This is a gravimetric process, or measurement by 
weight. As we know from the law of combining pro- 
portions that certain proportions only of common salt 
and silver nitrate are involved in the decomposition 
which when we express that decom- 
position as 


AgNO, + NaCl = AgC! + NaNOs, 


we not only represent the nature of the decomposition, 
but the weight of the substances therein involved, 
Knowing, therefore, that AgNO,= 170, and NaCl = 
58°5, it follows that, if we have asolutiop of common 
salt the strength of which is known, and add that sola- 
tion to the silver solution as long only as silver chloride 
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is precipitated, we can calculate from the amount of 
common salt used the amount of silver nitrate in the 
weight of caustic employed, thus doing away with the 
washing, drying, and weighing of the precipitate. This 
is columetric analysis. 

The method was discovered as long ago as 1806 by 
Descroizelles, a French chemist, and rediscovered in 
1817 by Mr. Charles Tennant, of Glasgow. But Dr. 
Andrew Ure was the first, and that in 1817 also, to use 
volumetric methods, based (as he expressed it)“ on the 
lights recently shed on chemical proportions by Dr. 
Daiton's atomic theory, and thus made the standard 
solution represent not arbitrary (as in Descroizelle’s 
method) but absolute measures.” It was not until 1844, 
however, that Dr. Ure established his claim, and by 
that time volumetric analysis had come into general 
use, particularly on the Continent. Gay Lussae had 
experimented and devised at least two processes, which 
are still in use—namely, estimation of free chlorine 
with arsenious acid, and silver with common salt, the | 
latter method giving origin to the word (titration, as | 
applied to the volumetric process, being derived from | 
the French word (titre, standard (of gold or silver). 
Liebig had devised that beautiful process, now phar- 
macopoial, for the estimation of hydrocyanic acid ; 
Bunsen, Schwartz, Fresenius, and Will gave the art 
great impetus by their careful researches. Dr. Mohr, 
of Coblentz, revised all that had been done by previous 
investigators, devised new processes and the burette 
which is now so much used, thus placing the artin a 
state of efficiency which has called for little revision. 
Helpers were not wanting in our own country, but we 
need only mention the name of Francis Sutton, whose | 
treatise on volumetric analysis has no peer in our | 
language. 


| 


PRINCIPLES. 


Based primarily on the incontrovertible law of com- 
bining proportions, the practice of volumetric analysis 
involves several recognized principles, which we way | 
generalize as: 

1. A constant and known reaction between the re- | 
agent and the substance titrated, the end of the reac- 
tion being capable of easy and quick determination. | 

2. Standard solutions of reagents whose strength is 
related to the chemical weight unit—hydrogen. 

3. Employment of apparatus graduated ona decimal 
system. 

Though third in order, the graduated apparatus is 
not the least important requirement. Taking the 
Pharmacopoia as our guide, we find there given option 
of two systems of weights and measures for graduation 
—nawmely, the grain and gramme systems. The latter 
is generally used in scientific work, but the grain sys- 
tem gives exactly the same results. The apparatus 
ordered consists, in the case of the metric system, of a 
liter flask, a graduated liter jar, and 100 c. c. burette 
graduated to 100 divisions. A more suitable burette 
is one of 50,c. graduated to ¢. Mohr’s burette, 
with a perforated stopper, is the best form. Annexed 
is an illustration of a good set of apparatus, graduat- 
ed on the grain-measure system, which is offered by 
Messrs. Poths & Co., Creechurch Lane, E. C. The set 
comprises all the graduated apparatus required for the 
preparation of standard solutions and for titration, 
with a burette stand, the whole being inclosed in a 
box. 

The apparatus can be had in English or metric 
graduations. As some workers find it difficult to read 
off the amount of solution used, it is of advantage to 
put into the burette an Erdmann’s float. This is 
scored round the circuwference. The level of the line is 
brought to 0 on the burettefbefore an estimation is com- 
meneed, and the graduation it is at at the end shows 
how much solution has been used. A float costs 6d. 
A few flasks, beakers, and 5c. c. and 10 e. c. pipettes, 
if metric measure is used, are also required. A good 
set of dispensing scales can be used for weighing if a 
balance is not at hand. 


STANDARD SOLUTIONS. 


It is very important that the operator should 
thoroughly understand what is meant by standard so- 
lations. It has already been said that their strength 
is related to the chemical weight unit, hydrogen. 
This is attained in two ways : 

1. The solution may contain an arbitrary quantity 
of the reagent, its strength being ascertained—techni- | 
cally speaking, standardized—before use. This plan 
is adopted in the case of substances (such as potas. 
permang.) which are liable to deteriorate in aqueous 
solution. 

2. The solution may contain in aliter the hydrogen 
equivalent of the reagent weighed in grammes (1 grain 
in 1,000 grain measures), or decimal parts of such 
weights, or any known weight. This is the pian} 
adopted in the Pharmacopwia 

The following examples wil! illustrate the meaning 
of the system : 

a. One liter vol. soda solution contains 40 grms. of 
caustic soda (NaHO = 40), or 40 gr. in 1,000 gr. measures. 
This solution contains a full hydrogen equivalent 
(sodium being a monad), hence it is called normal ; 
written, 

6. One liter vol iodine solution contains 12°7 grms. 
of iodine (I = 127), or 12°7 gr. in 1,000 gr. measures. 
This solution contains only one-tenth of the hydrogen 
equivalent (iodine being a monad), hence it is called 
decinormal ; written, ,%. 

The reactions which take place will be most conve- 
niently studied under the respective solutions ; mwean- 
while we may group them under several general phe- | 
nomena or bases of action, but it is not always possi- 
ble to draw a hard-and-fast line between these. 


Solution. Basis of Action, 
NaHO 


In practice the determination of the completion of | 
these phenomena is essential to accuracy. In some 
eases the completion is self-indicative, as in the use of | 
iodine solution, when the first permanent tinge of 
iodine color shows that oxidation is complete. Other 


used as an indicator. 


phenomena, however, do not give such indication, and 
in most of these we add substances which are acted on 
by the reagent or substance under examination, so 
that the final reaction, or *‘ end point,” may also be 
indicated by a change or disappearance of color. Such 
substances are termed indicators, and are either placed 
in the titration vessel (internal indicators) or on a white 
porcelain surface (external indicators). 


SATURATION 


in volumetric analysis is synonymous with nenutraliza- 
tion, for the saturation of an acid with an alkali, or 
vice versa, gives neutrality. There is no rule without 
its exceptions, however, and we find that some of our 


‘saturation processes are not neutral at any stage. 


Where neutrality is effected, litmus tincture is general- 
We have others, such as 
cochineal, methyl orange, and phenolphthalein ; but 
all beginners should use litmus, its changes being most 
familiar. Phenolphthalein may be used for the acids 
indicated on page 496 of the 

In making volumetric solution of soda the graduated 
measure is required. Starting with caustic soda, dis- 
solve an ounce of the white sticks in about 9,500 gr. 
measures of distilled water (or 42 grms. in a liter), and 
after the solution is cold, estimate its strength as the 
B.P. directs, but divide the 1,000 gr. measures of acid so- 
lution into two portions of 500 gr. each, and make two 
estimations. In the first trial one may go a little over 
the mark, but this is not so likely in the second. Ti- 


| trations should as often as possible be made in dupli- 
|eate, the mean of the two being taken for calculation. 


The Pharmacopwmia orders this solution for deter- 
mining the strength of various acids. In each case a 
certain weighed quantity is ordered, but we may pre- 
ferably take any quantity and weigh it. Should the 


| percentage by volume be required, then the acid is 


measured with a pipette. Weight is in all cases pre- 
ferable to volume, because the latter is affected by 
temperature, while the former is not. 

Caleulations are made on the following basis : 

One liter of solution [in this and subsequent notes 


observe that you may read for “one liter” ‘* 1,000 gr. 

measures,” and for * gramme ” “ grain.”| = 
(a) Molecular weight in grammes of a monobasic 
acid—e, g., acetic, hydrochloric, and nitric 


acids. 

(bo) Half-moleecular weight in grammes of a dibasic 
acid—e, g., sulphuric and tartaric acids. 

(ec) Third-molecular weight in grammes of a (ri- 
basie acid—e. g., citric acid. 

Suppose we make an estimation of aqueous sulphuric 
acid, and find that 5 c¢. ec. of the acid require 35°5 c. ¢. 
of soda solution for neutralization : 

Calculation: H,80O, = 98; being dibasic, 1 liter = 
49; then 1c. c. = or 0°049. 

0 049 x = 5 X 20 = 34°79 of H.aSO, by weight in 100 
vols, 

‘To find percentage when any quantity of the mate- 
rial is taken, let 2 = quantity taken, 0 volume of soda 
solution used, and w the weight of acid which 1 ce. c. of 
soda solution neutralizes, then : 


%:wXv:: 100: percentage. 


Since the relation between the soda solution and the 
acids is so detinite, it follows that the student should 
always know how wuch of any particular acid a grain 
measure or 1 c. c. of the soda solution will neutralize. 
Ove thousand parts of the solution neutralize the mole- 
cular weight in such parts of a monobasic acid, half 
molecular of dibasic, and so on. Therefore, such notes 
as the following might be put on the soda bottle or in 
the note book : . 


1 grain measure = 0°040 gr. HC.H;O, 
1 


=0049 * H.SO, 
Orle. = grm,. HC.H;0, 
=0049 H,SO, 


It follows that by simply waltiplying these factors by 
the grain measures or c. ec. of soda used, the quantity 
of acid in the portion taken is found. The same ar- 
rangement may be used for all the standard solutions. 

Volumetric Owalic Acid Solution.—Oxalic acid 
(H.C,0, 2 H,O = 126) being dibasic, only half its mole- 
cular weight in grawwmes is contained in a liter, conse- 
quently equal volumes of soda and acid solutions 
should form a neutral mixture. The chemically pure 
acid, powdered and pressed in filter paper, may be 
used for making the solution. Except with lead salts, 
we use litmus as an indicator in titrating all the sub- 
stances which come under this solution. The sub- 
stances react with the acid to form oxalates of the 
base, water, and, in some cases, carbonic acid, being 
liberated. Where CO, is given off, it is necessary to 


boil the mixture, so that its effect on the litmus may 
not impair the results. Borax reacts with the acid to 
form oxalate of sodium and boric acid; but in this 
case the freed acid only feebly affects litmus, so that 
its use is not preclud As an illustration, we may 
estimate a sample of ammonia solution, and we may 
find that the 5c. c. taken require for neutralization 18 
ec. c. acid solution. 

Calculation.—Awmonia gas (NH; = 17) is a monad 
cowpound radicle, so that 1 liter of acid solution equals 
17 grms. NHs, 1c. c. = or 0017. Therefore 0-017 
x 18 x 20 = 6°12 per cent. of NHs. 

The ec. c. equivalent of the acid solution to the vari- 
ous substances estimated therewith may be calculated 
frow the following : 

One liter of the acid solution is equivalent to : 

(a) Molecular weight in grammes of salts, showing 
one hydrogen equivalent of alkaline base—e. 
g, ammonia, bicarbonates, borax, caustic 
potash and soda, and acid tartrate of potash. 

(b) Half-molecular weight of salts, showing two H 
eq. of alkaline base—e. g., carbonates, lead 
acetate, oxide of calcium, and normal tar- 
trates. 

(c) Third-molecular weight of salts, showing three 
H eq. of alkaline base—e. g., normal citrates, 

(d) Fourth-molecular weight of salts, showing four 
H eq. of alkaline base—e, g., lead subacetate. 

Citrates and tartrates are first incinerated, thus 
being reduced to carbonates, then the titration is pro- 
ceeded with. 

Lead Acetates.—There is a special difficulty with 
these salts, due to the fact that they react with the 
oxalic acid to form insoluble lead oxalate and acetic 
acid; consequently, litmus and the other saturation in- 
dicators do not indicate the final reaction. The only 
indication is cessation of precipitation, but the oxalate 
subsides very slowly in the cold, and it is so bulky that 
one is apt to run in too much oxalic acid. Use hot 
water or the reversed process (C. & D., 1883, page 609). 


PRECIPITATION PROCESSES, 


In these the final reaction depends on (1) the begin- 
ning, or (2) cessation of the precipitate. Volumetric 
solution of nitrate of silver is the Pharmacopeia re- 
presentative of the method. The most important ap- 

lication of the solution isin the estimation of acid. 
edeoepen. dil., the method being that devised by 
Liebig. It depends upon the following changes : 


1. Conversion of the hydrocyanic acid into cyanide 
of sodium by means of liquor sode. 


HCy + NaNO = NaCy + H.,0O. 


2. Formation of soluble double cyanide of silver 
and sodium. 


2 NaCy + AgNO; = AgNaCy, + NaNO,. 


3. Decomposition of the double cyanide by ad- 
ditional silver nitrate : 


‘AgNaCy, + AgNO; = 2AgCy + NaNOs. 


The commencement of the third stage indicates the 
final reaction. In estimating 5 c.c. of acid, a drop of 
phenolphthalein sol. was mixed with it, and soda 
added, until a strong crimson color was produced. 
(Should the crimson color disappear during titration, 
more soda must be added.) Silver solution was run in, 
and the precipitate redissolved until 9°4 ¢c.c. had been 
used, thus indicating commencement of third stage. 

Calculation.—From the equation of the second stage 
it is evident that one molecule of AgNO; equals two of 
HCN ( = 28). The standard solution being decinor- 
mal, 1 liter will, therefore, represent 5-6 grammes HCN, 

5°6 
so that 1 c.c. = ——-, or 0°0056. Therefore— 


00056 x 9°4 x 20 = 1°052 per cent. 


In estimating alkaline bromides and iodides, the 
acidulous radicles are precipitated as insoluble silver 
salts. The final reaction is indicated with chromate of 
potash, a drop or two of a weak solution being added 
to the bromide solution. When all the haloid radicle 
is acted on, blood red chromate of silver begins to form, 
and the titration is stopped. 


OXIDATION METHODS 


rank among the most accurate processes of chemical 
analysis. They depend for their action on the fact 
that the reagents used are substances which either (1) 
readily give oxygen to oxidizable substances, or (2) 
which in presence of such substances split up water, 
giving oxygen and taking hydrogen to themselves. In 
the B.P. we have solutions of each kind. 

Volumetric solution of bichromate of potash is a 
solution of the first kind, and is used for determining 
the percentage of dyad iron in ferrous compounds. 
The solution is not the most satisfactory for this pur- 
pose (the final reaction requiring an external indicator), 
but it is more stable than any other, and that isa 
sufficiently strong argument for its adoption, The 
solution contains 14°75 grammes in a liter—that is, one- 
twentieth of the molecular weight in grammes. From 
the following equation, 


6FeO + K.Cr.0,; = 3Fe.0; Cr.0; K,0, 


it will be seen that one molecule of the bichromate 
gives three oxygen atoms to six ferrous atoms, and, as 
Os = He, the bichromate molecule, represents six hy- 
drogen equivalents. A decinormal solution (based on 
the hydrogen equivalence) should, therefore, contain 
the molecular weight in grammes —4‘917. The 
BP. solution, however, is decinormal of three ferrous 


atoms(— of Fe’, ) On this basis the solutions will 


oxidize. 
the it in grammes of Fe,As,0, 1 c.c, =0'0446 gramme, 
3FeCO, “ =0 B18 “ 
or FeO in 3Fe,0;, FeO =00216 “* 


The compounds (2 grammes of each) should be dis- 
solved in aqueous sulphuric acid (1—5) with the aid_of 
heat, 2 oz. of water being added after solution. The 
indicator used is fresh and weak solution of red prus- 
siate of potash, the matter of 20 dots or so being placed 
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he edge of a white plate. As the bichromate 
poe cot is oe into the beaker, the contents should 
be well stirred with a glass rod (tipped with rubber); 
occasionally the end of the rod is brought into contact 
with one of the dots on the plate; as long as there is 
ferrous compound anoxidized, a deep blue color will be 
struck on contact. When this ceases, the titration is 
complete. 

Volumetric solution of iodine is a solution of the 
second kind of oxidizers. ‘The solution being deciuor- 
mal contains 12-7 grammes of iodine, with 18 grammes 
of iodide of potassium as a solvent, in a liter. It is 
used for estimating arsenious and sulphurous acids, 
both of which are in the process raised to the “ic” 

ate. 
om reenlons acid and its solutions are boiled with a 
little bicarbonate of soda. During titration the follow- 
ing change takes place : 


As.O; + 21, + 2H:O = As,O, + 4HI. 


The hydriodie acid decomposes so quickly that it is 
necessary to have an alkali present, so that it may 
saturated on formation. A bicarbonate is in the cir- 
eumstances more suitable than a hydrate, because the 
latter would tend to use up iodine, thus impairing the 
reaction. It will be seen from the equation that four 
atoms of iodine give two of oxygen to a molecule of 
arsenious aeid, so that 1 liter of the decinormal solu- 
tion is equal to A, of the molecular weight of As,0O, 


4°95 
(198) in grammes. 1 cc. = 1000 or 0°00495 gramme. 


Sulphurous acid reacts with iodine in the following 


manner : 
+ I, + = H,80, + 2HL 


In this case alkali is inadmissible. One liter of the 
iodine solution will raise to sulphuric acid 4 of the 
molecular weight in grammes of H,.SO; = 82, or of SO, 


4°1 
1 c.c., therefore, equals a or 0°0041, H.SO;, and 


32 
or 0°0032, SO.. 


In the titration of these acids a few drops of starch 
mucilage are added, so that the first excess drop of 
jodine solution imparts a deep purple color to the mix- 
ture, at which point titration is complete. 


REDUCTION PROCESSES 


are those in which the reagent used is a readily oxidiz- 
able substance, so that this class is merely a reversing 
of oxidation processes. The solution employed (vol. 
sol. of hyposulphite of soda) reacts with iodine in the 
following manner : 


2Na,8,0; 5H,.O +I, = Na.S,0¢ 2Nal + 10H,0. 


Here the iodine, instead of giving oxygen, takes two 
atoms of sodium from two molecules of the hyposul- 
phite, leaving one molecule of tetrathionate of sodium, 
the acidulous radicle of which is a higher sulphur oxide 
than that of the hyposulphite (thiosulphurie acid). 

The os arene of the solution is explicitly described 
in the Pharmacopoia. It is used for titrating iodine, 
either as such or for the estimation of free or available 
chlorine, which is allowed to act on potassium iodide, 
liberating iodine, thus : 2KI+ Cl, = 2KCl+1,. From 
this it is evident that. aliter of the solution will de- 
colorize ~; of the molecular weight of iodine in 
grammes, whether it existed primarily or has been 
liberated by chlorine ; and since one atom of chlorine 
= 35°5 will liberate one of iodine = 127, it follows that 
1 liter of hypo. solution = 3°55 of Cl. 

Solutions containing free chlorine have iodide of 
potassium added to them, but when it is combined, 
hydrochloric or sulphuric acid is also added. In illas- 
tration, we put 5 cc. of lig. calcis chlorate into a 
flask with a few grammes of potassium iodide and 
excess of hydrochloric acid. Hypo. solution was then 
added, and, as the iodine color began to fade, a few 
drops of starch mucilage. When 10 c.c. of standard 
had been used, the blue color faded. 


3°55 
Caleulation.—1 hypo. solution = or 0°00355, 


Cl. 0 00355 x 40 x 20 = 2 84 per cent. available chlorine. 

The composition of chlorinated lime is doubtful, but 
Odling’s formula—CaOCl,—is generally accepted as the 
most reasonable representation of its chlorinated con- 
stituent, existing along with hydrate and oxide of 
calcium. Treating this compound with an acid in 
prese of potassium iodide, the following reaction 
oceurs : 


CaOCl, + +2KI = CaCl. + 2KCl + H:0 + Ih. 


Bat Kingzett has shown that water extracts from 
chlorinated lime, calcium chloride and hypochlorite. 
The latter salt will therefore represent the available 
chlorine in liq. caleis chlorate, thus : 

CaCl,0. +4HCi + 4KI = CaCl, + 4KCl + + 


This reaction may take place in three stages : 
(1) ro hydrochloric acid on calcium hypo- 
chlorite : 


CaCl.O; + = CaCl, + 2HCIO. 
(2) Aation of hydrochloric acid on hypochlorous 
acid : 


2HCIO + = + 2Ch. 
(8) Action of chlorine on potassium iodide : 
4KI + 2Cl, = 4KCl +- 


We thus obtain one-half of the iodine in a direct 
Manner and the other half indirectly, the whole, it 
would appear, being double that of the first equation ; 
bat Odling’s formula represents half of that of Gay 
Lussae’s (CaCl,,CaCl,0,), from which, it is generally 
assumed, all the chlorine content is liberated by acids, 
80 that the two equations yet agree as to the amount 
of their available chlorine. 

It has been shown (by Messrs. Dunstan and Ransom) 
that liquor sod chlorate contains hypochlorous acid ; 
therefore, in estimating this solution, the decomposi- 
tion is represented by stages 2 and 3. 


be/| results, It isasafe plan to stick to the pharmacopwial 


Such are the pharmacopaial volumetric processes, 
and it may be said of them that they are calculated to 
give most accurate results. Wecannot close without 
a word of caution to the operatior to use all means in 
his power to insure accuracy. Distilled water should 
always be used ; apparatus should be thoroughly clean 
and rinsed out with distilled water before use, and 
weighing should be carefully done. It is searcely pos- 
sible for us in this variable climate to perform all ope- 
rations at the normal temperature, but it is wost 
imperative that the preparation of standard solutions 
should be effected at 60° F., and where the solutions 
are made every care should be used in their preserva- 
tion; they have no doubt been judiciously selected for 
their stability, but there are few things which do not 
deteriorate in aqueous solution when exposed to direct 
sunlight: the bottles, therefore, should be covered 
with seidlitz blue paper and be stored in the shade. 
Nor wust the beginner attempt to operate on small 
quantities of material, for in such cases a small excess 
one way or the other may mean a large effect on the 


quantities to begin with. Above all the operator must 
recollect that volumetric analysis is nota mere mechan- 
ieal kind of work, but that it involves the fundamental 
principles of the science of chemistry, and should be 
treated with due respect. 


MIRROR LENS. 


Tus little instrument has been devised especially 
for the reading of certain English and American jour- 
nals that are printed in very small type, and the con- 


MIRROR LENS. 


tinued reading of which soon fatigues the eyesight. 
Bat it may be employed just as well for the reading of 
manuscript, and in this case it is much easier to use 
than is the hand lens usually employed. 

It consists of a concave lens designed to give an en- 
larged image of the characters, and which reflects the 
latter upon a swall plane mirror which lies upon the 
sheet of paper just above the line that it is desired to 
be read. As soonas the reading of the line is finished, 
the apparatus is slid over it, and one immediately per- 
ceives the following line in the wirror.—Les Inventions 
Nouvelles. 


THE PHOTOGRAPHIC RECORD OF ALTER- 
NATE CURRENT CURVES. 


IN a recent number of La Lumiere Electrique M. 
Blondel describes some apparatus designed for the 
determination of the periodic curves representing 
alternate currents. It consists of an extension of the 
apparatus originally devised by Joubert, who, it will 
be remembered, used a contact maker, revolving with 
the alternate current dynamo, to make connection 
with a brush once during a revolution, and thus to 
charge an electrometer to the voltage generated in the 
dynamo at the corresponding part of the period. By 
adjusting the position of the brush the voltage could 
be measured at all parts of the period and the complete 
curve obtained. After an exhaustive comparison of 
the effects obtained with galvanometers and electro- 
meters, M. Blondel finds the former preferable, and 
uses a D’Arsonval galvanometer in series with a con- 


denser instead of the static instrument. It is neces- 


potential curves, or current curves, according as the 
condenser is connected with two points of the circuit 
whose voltage is required, or to the terminals of a 
standard resistance in series with the main current. 
In ail the cases described by M. Blondel the apparatus 
was duplicated.' Two galvanometers were used, one 
for current and the other for potential. The spots of 
light were, however, focused on the same scale with a 
common zero, the light being obtained from a power- 
ful are lamp, and reflected on to the instruments by 
mirrors suitably placed. The double curve thus ob- 
tained is such that corresponding ordinates represent 
the simultaneous values of the current and electro- 
motive force. The figure given shows the curves 


~ 


obtained with an are lamp worked with the alternate 
currents produced by a Meritens magneto machine. 
The curve I is the current curve, while curve E repre- 
sents the electromotive force. 

When the apparatus is once set up it is possible in a 
cowparatively short time to make a cowplete study of 
an alternator under all circumstances of use. A com- 
plete alternate current curve can be obtained in two 
or three minutes.—Zhe Electrician. 


VAUDOUX BURIAL CUSTOMS. 
By EUGENE MuRRAY AARON, Ph.D. 


Finp him where we may, the African descendant of 
the least enlightened sort retains a strong flavoring of 
fetish worship in his composition. It is doubtful if, 
even under the most civilizing advantages at his com- 
wand in this country, he has to any noteworthy ex- 
tent yet been able to eliminate an almost unconquer- 
able inclination to mix with his newly acquired 
Christianity the old superstitions and not a few of the 
custows of obeah worship. For this he is scarcely 
blamable, if any degree of reproach whatever can be 
attached to such tenacity in holding fast the teach- 
ings of long centuries. The German and Scandinavian 
reach our shores from lands long Christianized, yet 
they come many of them laden with the beliefs and 
habit-waking pepeeene of the pre-Christian days 
of Thor and Woden. So with our Irish population, 
and those from Spain and Italy ; a Catholicism that has 
here and there a spice of ghostly lore or act of witchery 
in it is far from unknown. hat wonder, then, that 
the negro and his derivatives of lighter color are 
found, by the most conversant with their thoughts 
and beliefs, to be still under the influence of a strange 
admixture of the propitiation of evil and visible 
thank offerings to the giver of good? Can any of his 
white brothers, as a race, prove entire freedom from 
kindred taints? Is not the difference simply one of 
kind and degree ? 

To one who has lived among the blacks of those 
West Indian islands where they are the predominat- 
ing and controlling element—Haiti, Jamaica, Mar- 
tinique, and others, for example—this feature of their 
life soon becomes the most interesting branch of eth- 


Ak 


Fie. 1.—L, are lamp; O. lens projecting image, I, on to screen; M M, mirrors 
reflecting beam to galvanometer mirrors, Ge Gi; F F’, photographie regis- 
tering slip; H, clockwork for moving the slip. 


sary in this case to use two brushes, one for charging 
the condenser and the second for discharge through 
the galvanometer. The two brushes are fixed to an 
arm movable about the same axis as the revolving 
eontact maker, and this arw is turned at a regular rate 
by clockwork. The scale on which the galvanometer 
spot is focused consists of sensitized paper, and is 
moved vertically by clockwork. The photographic 
record obtained is, therefore, an accurate trace of the 
alternate enrrent curve. The curves obtained are 


nological study, if his attention turns at all in that 
direction. Though these are Christian lands, and in 
nearly all the church life is an important factor, still 
the old forms and ceremonies of witchcraft, obeah, 
vaudoux—much the same under any title—are perhaps 
even more important in shaping the lives and con- 
trolling the actions of a race that so readily lend 
themseives to any impressive ceremony or teaching, 
the meaning or intent of which is quite beyond their 
comprehension. The saying that ‘“‘the people love 
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dearly to be humbugged " was no truer from the lips 
of a Barnum than it might be from those of an obi- 
man speaking of his followers. The ‘' nganga nkisi,” 
or doctor of charms, on the Congo, wins his way to 
pular favor and awe by the possession of a fetish 
orn which answers his dupe, as he questions it of the 
future or asks its advice for the present, by a faint 
wheezy whistling, though held at arm’s length by its 
owner. Glave tells us that the simple device of a 
perforated bean, hid in the nostril of the Obiman, is 
all that is necessary to uphold the reputation of this 
oracle. Yet the possessor of the secret comes to be a 
man dreaded of kings, propitiated by warriors, and 
blindly obeyed by the people. {[n Catholic Haiti or 
Protestant Jamaica just such exhibitions of blind 
faith can be met every day by one who will take the 
trouble to become en rapport with the negroes, when 
away from close contact with the civilizing action of 
the cities and villages. The white man is naturally 
mistrusted by all negro believers in witchcraft, because 
he it is who has placed upon the statute books the 
laws which declare their practices criminal. Even in 
Haiti, under black rule alone, where a timorous gov- 
ernment of a day has abolished those laws which a 
more enlightened rule had enacted, the people recog- 
nize that such laws were due to the pressure of 
opinion from the few resident whites, and not because 
@ negro president or his congress recognized in the 
vaudoux an enemy to good government, base as are 
some of its practices. 

It is only a question of time and of tact, however, 
when the patient Anglo-Saxon student of folk-lore and 
superstitions may become possessed of the confidence 
of the Obeah worshipers around him. Rare patience | 
and a judicious blending of faith and shillings may | 
even in time open to him the charms and the esoteric 
mysteries of some priest of Ob whose love of gain | 
leads him to give ear to the professions of faith on the | 

art of his white inquirer. The bird’s claws and | 
eathers, fish bones, teeth, and bits of horn, the pieces 
of colored chalk, charmed hair, perforated stones, 
pungent herbs, and oddly twisted roots, that are tried 
media of great power on the Congo and along the 
whole West African coast, are to-day juet as potent in 
the eyes of the untaught West Indian black. The 
latter may exhibit a greater degree of skepticism at 
times ; he may require a somewhat higher standard of 
magic and of ceremonial for his befoolment, but the 
Obiman to whom he repairs for earthly aid or ghostly 
comfort seldom fails to produce an effect suited to his 
Particular case. 

The thwarting of an enemy, real or imaginary ; the | 
procurement of good fortune, whether it be in agricul- 
ture, trade, or affairs of the heart, the foretelling of 
the future, both earthly and heavenly (though for) 
obvious reasons the Obiman wuch prefers to tell of the | 
latter), and the assuring to the dead a safe entry into a 
haypier state, are among the most common duties to 
whieh this priest of witchcraft is called, as they are 
known to be those of the professors of occult powers 
elsewhere. Butit is in the latter services that the| 
West Indian Obiman, as well as his “nganga”| 
brother of the Congo, or the witeh dvetor of our | 
Southern States, is most implicitly trusted. Here the) 
field is his, and his alone. In those ceremonies and | 
observances by which he is expected to procure good | 
or produce evil effects, as the case may be, the proofs | 
of which are to be observed by his disciples, he may 
fail ; and let him urge ever so vehemently the tem- 
porary preeence of some malignant spirit or the non- 
observance of some essential rite on the part of those | 
employing his magic or inquiring of his lore, yet his | 
occult wisdom is for the time at a discount and his 
priestly halo is tarnished. But his influence over the 
next world cannot be questioned, or if it be, he it is 
who produces the spirits which bear willing witness to 
the efficacy of his enchantments and glad testimony 
to.the bliss of the state into which his ability to pro- 
_— the powers of darkness has introduced them. 
No priest of the middle ages selling his indulgences 
could have assumed to himself more complete control | 
of the unknown than do these ignorant workers of | 
charms and prescribers of the most abject practices. 

The death of a negro in most parts of the West 
Indies is the signal for ceremonies that appear to be 
more akin to rejoicing than to the natural expressions 
of sorrow. The night after the death is usually the 
time selected for burial, even if death took place late 
in the afternoon. This is partially due to the require- 
ments of the climate, which make it almost impossible | 
to keep a body for 24 hours; but it is even more 
largely due to the fact that in most cases the room 
occupied by the corpse is sadly needed in the hut, 
where perhaps eight or ten persons of various ayes 
sleep in a space not more than 12 feet square. When 
the friends and neighbors of the deceased have as- 
sembled, the corpse will be found dressed in its best, 
bedecked with such ornaments as the family can 
afford and with such charms as the Obiman may fur- 
nish or prescribe. But it will not be in its coffin pre- 
pared for burial, but iu a sitting posture in a chair of 
state, as it were, where it can act as the center of the 
drunken orgy that is likely to follow. In some respects 
the performances which preceded the placing of the 
body in its coffin closely resemble the conventional 
Irish ** wakes,” though the testimony of many African 
travelers leaves no room for doubt that there is only a 
fancied connection between the two, as these same 

ractices are found in the interior of Africa, where 

uropean customs have not yet had a chance to make 
themselves felt. 

The nearest relative of the deceased, be it wife or 
husband, mother or child, assumes the leadership in 
these strange practices, in which the prominent fea- 
tures are the drinking of tafia (new ruin) and the eat- 
ing of the best that the relatives can provide, the first 
of all of which is offered to the corpse with much cere- 
mony and dignity. As it becomes evident that the 
bearers who are to carry the body are in danger of be- 
coming too unsteady to perform their duties,the drink- 
ing is brought to an end and the whole party repairs 
to the grave. Frequently this is within the small in-| 
closure, surrounded by a cactus hedge, in which is the 
house of the deceased. At times, where there is both 
a town and mountain residence, the corpse will be re- 
moved from the former to the latter, or vice versa. In 
some cases the burial will take place in a regularly 
consecrated graveyard, though this is rare among the 
poorer classes, as the comparative disproportion of such 


interments and the dense populations show. If the 
burial takes place at some distance, the stranger re- 
turning late at night from the house of some hospita- 
ble friend is likely to hear a roar of voices approaching 
him, oddly mixed with the sounds of tin fifes, the rat- 
tle of conch-shells filled with pebbles, and the dull, 
monotonous boom of the tom-tom or native drum. If 
the deceased has filled an important niche in his little 
world, he may also be accompanied by a guitar or vio- 
lin, which in the hands of an untaught black is capa- 
ble of adding greatly to the general hubbub. Then 
appear a motley crowd, of all colors,from the quadroon 
to the griffe and the lusterless black of the Corymantyn 
negro, and of all ages and every condition of apparel, 
from the bedizened chief mourner to the naked boys 
and girls juet budding into puberty. Such a crowd, 
perhaps a hundred or more in number, will sweep by 
on the run, the corpse on the shoulders of four brawny 
negroes, all in the concourse yelling, screaming or 
shrieking at the top of their voices. It was sucha 
sight as this that a well known New York hotel man 
met on a lonely road one night outside of Kingston, 
Jamaica. Having gone to that beautiful island to 
take charge of a new hotel, then building, he was so 
horrified and unmanned by such a sight, as he walked 
homeward from the house of a friend, that he was for 
days strongly tempted, as he put it, ** to pull up stakes 
and go back to God’s country.” Months afterward, 
when he was wont, with dilated eyes, to tell of that 
night's experience, he always wound up his narrative 
with: “And there was that coffin with the lid off and 
the corpse looking as badly frightened as I felt.” 

When the grave is reached, the ceremonies are ae 
to take for the nonce a more decorous turn, as with 
that strange blending of wild superstition and Chris- 
tian devotion which is the African’s most interesting 
characteristic, the parson or priest may be there to 
perform a few hurried rites and then hasten away be- 
fore he is compelled to be a witness of how impotent 
are his teachings to really modify the inborn savagery 
of his people. After his departure, as the grave is be- 
ing filled, the musicians quickly start the chica or the 
bamboula, favorite dances of the most lascivious sort, 
and then begins an indescribable scene,a seeming wix- 
ture of the French can-can ball with the well-known 
negro ** walk-around,” with all its grotesque posturing 
and laughable assumption of dignity. Never is one 
more inclined to chime in with the thought expressed 
by a French admiral who after watching such antics as 
these turned to his white guide, saying: ** Est-ce que 
vous prenez ces gens au serieux ?” Verily, it is indeed 
difficult to take thei seriously. 

With the incantations and occult rites of the Papaloi 
or Obiman, known as wauga among the French ne- 
groes and as * workin’ de Obeah” among their English 
cousins, the ceremonies at the grave terminate; but 
they are carried on with even more gusto and with far 
less describable features at the house of the deceased 
and at adjoining huts and cabins. In these the vau- 


|doux priest and priestess are prominent factors, and 


the remaining hours of the night witness scenes of 
savage debauchery which even beggar the powers of 
description of the Haitian-French patois, a dialect 
richer than others in words wherewith to express ob- 
scene and erotic ideas. As Sir Spenser St. John has 
said of Haiti, ** the Papaloi [vaudoux priests] lead the 
most depraved lives. They are feared by all, and the 
fear inspired isso great that few women among the 
lower orders would resist their advances. They may 
probably be looked upon as an honor.” This is true of 
the Obiman or witch doctor pretty generally through- 
out American negrodom ; their demands or suggestions 
are obeyed unquestioningly. Many a new-made widow 
of the night before has awaked a bride (save the mark) 
on the morrow. 

These burial orgies are always followed by a period 
of lassitude and rest ; but on the arrival of the “* ninth 
night,” ceremonies of equal freedom from moral re- 
straint take place. In some of the British West Indies 
aws are on the statute books and strict rules exist 
among the churches against these heathenish practi- 
ces, but so inground are they that civil authority and 
religious teaching are alike unable to keep them with- 
in reasonable bounds. Only in a few of the more 
fashionable suburbs of the larger cities are strenuous 
efforts made to check these wauga ceremonials, and 
even there the effort is frequently abortive. 

The final acts which in Obeah enable the Obiman to 
promise to the relatives of the dead safe entry into 
and happy life in the hereafter are witnessed by but 
few chosen friends besides the chief mourners, and very 
few whites have been able to steal in upon these occa- 
sions. In one case I was fortunate injbeing able to watch 
these cermonies from the dense shade of a genip tree 
(genipapa), when I discovered that an apparently sense- 
less jargon of words, a liberal display of unusual and 
rather grewsome relics from dead humanity and from 
the most dreaded native animals, such as snakes, the 
wild boar, iguana, alligator, and the barracouta, with 
some colored fire and wonderful acrobatics, were the 
cheap stock in trade of the impostor, who probably 
reaped a handsome sum from the ignorant dupes who 
surrounded him. A day ortwo afterward I visited this 
grave and found it decorated with many broken bits of 
household crockery, old iron utensils, a wooden cross 
from the arms of which dangled ale bottles filled with 
human hair and the viscer® of lizards—wmost potent 
Obeah charms—some bright bits of cotton stuffs, some 
strange vegetable growths and a liberal display of 
ribbons and feathers. Mr. H. C. Bolton, in the 
last issue of the Journal of American Folk-lore, in 
an article on “ Decoration of the Graves of Negroes 
in South Carclina” (vol. 4, p. 214, Sept., 1891), calls 
attention to habits of grave decoration which are 
precisely similar to those of which I speak. And in 
the Century Magazine for April, 1891 (p. 824), Mr. 
E. J. Glave describes like practices in Africa, and 
illustrates his remarks with a sketch of the grave of a 
Congo chieftain. This, Mr. Bolton says, might well 
serve *‘ for the picture of one in the Potter's Field, 
Columbia, 8. C.” To which I would add that it is 
also a faithful representation of what may be seen in 
many parts of the interiors of the West Indies, from 
Jamaica to Trinidad. 

This marked similarity in burial customs ig observ- 
able among the negroes in varying degree fem Vir- 
ginia to Demerara and from British Honduras to the 
Mountains of the Moon in East Africa. It shouid 
speak volumes of caution and advice to our foreign 


missionary organizations, who to-day are trying to do 
in Africa, with a handful of men, what three centuries 
of Christian rule have not brought about in the West 
Indies and twocenturies in some parts of our Southern 
States have failed to produce save in a very superficia| 


way. In wy opinion, when Mr. Bolton says, ‘* The 
negroes of South Carolina. . are unwittingly per- 
petuating the fetishism so deeply impressed” upon 


their African ancestors, he aims wide of the mark. The 
italies are mine; the words italicized convey, I fee} 
sure, a very erroneous idea, for there is ample testi- 
mony in print to show that this continuance in the 
path of vaudoux avd Obeah on the part of many of 
our Southern negroes is far from unwitting, but is only 
the most open act of an otherwise carefully hidden 
superstition. This is an interesting field for both the 
missionary and the student of folk-lore; if neglected 
and allowed to grow into cannibalism and other brute 
practices, as it has done in Haiti, it will soon also be- 
come a serious study for the social economist and the 
statesman. 


REMAINS OF WONDERFUL ANIMALS. 


In a recent issne the New York Sun describes a re- 
markable collection of fossi] remains that is about to 
be transported from New Haven to Washington. 
‘* Beasts with backbones full of hot air, and separate 
brains to wag their tails with,” remarks our contem- 
porary. 

‘*In this wonderful parade will be gigantic reptiles 
as big as good sized houses, some of them 100 feet in 
length, flying dragons with a 25 foot spread of wings, 
huge birds with teeth, mammals two or three times as 
big as elephants, sharks as large as the hugest whales, 
other fishes clad in mighty plates of armor, and count- 
less specimens more of equal strangeness and enormous 
dimensions, such as actually inhabited the world be- 
fore man arrived in it. For nine years past the govern- 
ment has been digging up and putting together the 
skeletons of these strange creatures, and now the vast 
collection, at present stored in New Haven, Conn., is 
preparing for shipment by rail tothe National Museum. 
The whole of it would oceupy fully one-half of that 
institution’s building there, and so only a portion of it 
is to be forwarded immediately, the rest to follow as 
soon as quarters have been established by Congress for 
its accommodation. 

‘The business of digging for these tremendous fos- 
sils is carried on pretty much like any other mining. 
In various parts of the West there are great deposits 
of them, into which the scientific enthusiasts eagerly 
delve for relics of epochs thousands of centuries old. 
One of their chosen hunting grounds is the region be- 
tween the Rockies and the Wasatch Mountains. Ages 
ago the upheaval of these hills by geologie action cut 
off the portion of what had been sea between these 
ranges from the ocean, and the water thus shut away 
formed many big lakes. A typical one of this sort ex- 
istedin Wyoming, and around it the mighty antedilu- 
vian mammals gathered in herds to crop the succulent 
and luxuriant vegetation of what was then a tropical 
climate in that region. They died natural deaths or 
became mired in the mud when they went to drink, 
and the sediment slowly deposited in the water cov- 
ered up their bones and preserved them from decay. 
This sediment reached a mile in thickness, holding be- 
tween itslayers the ancient skeletons, distributed like 
currants through a cake. At length the water drain- 
ing off, left the land dry, and, in the case of the Wy- 
owing lake referred to, subsequent floods washed 
away much of the sediment previously deposited, leav- 
ing what are now called ‘‘ bad lands”—picturesque 
with cliffs, peaks, and columns, carved out in fantastic 
shapes and of variegated coloring. 

‘Through such a region as this the scientific ex- 
plorer travels with his eyes as wide open for fossils as 
the gold hunter keeps his for the shining metal. If 
from the face of some rocky cliff he chances to see a 
bone project, exposed by the action of water that has 
cut away the hillside, he sets a party of men to quar- 
rying with drill, blast, and ay oe until whatever is 
therein the way of remains has been taken out. Pos- 
sibly some great deposit of prehistoric monsters may 
be struck in this way, in which case the find is kept 
as secret as possible, being regarded by the discoverer 
as his private mine. If he gave it away, rival palwon- 
tologists would rush to the spot and dig out all the 
animals for their own study and glory. Professor O. C. 
Marsh, who directed the gathering of the government 
collection referred ‘to, has such mines of his own all 
over the West, from which he can draw to order the 
most astonishing variety of gigantic creatures. He 
made the remark the other day that there was one 
small valley he knew of, where relics of the ancient 
mosasaurus were so plentiful that, passing through it 
recently, he noticed skeletons of six of those mighty 
swimming lizards, each eighty feet in length, in sight 
at one time. 

** Usually these amazing fossils are found embedded 
in solid rock. After they have been roughly quarried 
out, the sandstone or other matrix inclosing them is 
carefully chiseled away from the bones, The latter 
receive a coat of glue to keep out the decomposing air, 
and any that are broken or splintered are bound up 
with twine, after which they are packed for shipment. 
When one of these beasts of antiquity died, its carcass 
being covered up with sediment that afterward became 
stone, the skeleton was apt to be preserved entire and 
with its parts in position, all ready for mounting in a 
wuseum. A new reptile was found in Wyoming the 
other day in such a complete state, which has been 
nawed brontosaurus. It was 60 feet long, stood 15 feet 
high when alive, and weighed 20 tons. Cast in the 
rock from which it was taken was a perfect mould of 
one of its eyeballs, with which it looked upon the . 
world three millions of yearsago. It had a very small 
head, a long and flexible neck, a short body, and a 
huge tail. In the same neighborhood also has been 
discovered another reptilian monster called 
the triceratops, which had an enormous bony frill 
around the back of its neck. This surprising develop- 
ment, measuring six feet across, was intended for the 
attachment of great muscles that were necessary for 
holding up the huge head. The animal, though tre- 
mon was only thirty feet long; but it 
was cove with plates of armor and had a sharpand 
horny beak, not to mention a horn on its nose and 
another on its forehead, the latter 24¢ feet in length. 
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“In Colorado bave been found great deposits of the 
bones of titanosaurs, the biggest land animals that 
ever existed. They grew to be 65 feet long and stood 
40 feet high when erect upon their hind legs. Instead 
of browsing, as did the brontosaur and triceratops, 
upon the luxuriant aquatic vegetation around the 
lake borders, they fed upon the foliage of trees on the 
mountain sides. Likewise did the iguanodon, several 
times as heavy as aa elephant, which had a nipping 
beak like a turtle’s and also walked erect, using its 


huge tail for a support and towering to the t of 
40 or 50 feet. 
“In the mesozoie epoch, or ‘ Age of jles,’ when 


those creatures lived, these and other herbivorous ani- 
mals were the biggest of the beasts. One of them, the 
atlantosaur, was 100 feet long, its thigh bones, many of 
which have been found, measuring eight feet in length 
and twenty-five inches through. They had various 
methods of pursuing existence. Some went on all fours 
and had backbones that were mere shells filled with 
wart air from their la which served them as floats 
while they walked in the sea shallows in water deep 
enough to cover their backs, extending their long 
necks tocrop the vegetation alongshore. Of this sort 
was the camerasauraus, eighty feet in length. Others 
had enormously long hind legs, on which they were 
able to wade out far into the ocean after atin [ and 
were provided with not fewer than 2,000 teeth for 
grinding their food. Such was the mighty kangaroo- 
like hydrosaurus, Yet other species dwelt on land, like 
the triceratops, and these were provided usually with 
armor and horns for defense. 

“It would seem as ifsuch monsters as are described 
need have feared no living foes, but in fact they were 
a common prey to great numbers of frightful carnivor- 
ous reptiles, smaller in size, but of tremendous activity 
and fiereeness, which fed upon these unwieldy, vege- 
table-eating giants. Most terrific of all, perhaps, was 
the incredibly ferocious lelaps, which was forty feet 
long. stood twenty-five feet high on its hind legs, and 
was built likea kangaroo, It was the most astonishing 
jumper that ever existed, with teeth for cutting, and 
sharp claws on the front feet, evidently designed for 
tearing out the eyes of victims or adversaries. Hardly 
less formidable, and equally large, was the stagosaur, 
which was sheathed in armor plate from two to three 
feet wide, and employed as a weapon of offense its pow- 
erful tail, armed near the end on both sides with sharp 
spikes two feet long. This animal walked erect also, 
and one of ita peculiarities was a great enlargement of 
the spinal cord at the lower end of the back. In fact, 
this expansion of brain material, intended to provide 
for the wagging of the mighty spiked tail, was ten times 
as big as the brain in the skullitself. Equally large 
and dangerous were the megalosaur and the dinosaur, 
their jaws armed with hage saber-like teeth, which 
went about on their hind legs looking for something 
to devour. Against such fearful foes what chance had 
the peaceful cetiosaurus and elasmosaurus, dwelling in 
marshes and shallows, with the bulk of six or eight 
elephants? Nevertheless, some of herbivorous land 
reptiles referred to, like the gigantic horned and ar- 
mored agathumas, could make a good fight with the 
carnivores, and were so well able to defend themselves 
that they lived and multiplied in the same region with 
the latter. But most of these vegetable feeders had no 
other means of defense than kicking, which they could 
do with some effectiveness with hind legs fifteen feet 
or so in length. 

‘* Specimens of all these are included in the collection 
which is to be brought here for permanent exhibi- 
tion. Of course, they represent but a few of the count- 
less species of giant beasts that roamed over the earth 
in droves during this vanished epoch. That was the 
age when reptiles ran thecreation. They walked upon 
land, swam the seas, flew through the air, clim 
trees, and did everything that mammals do nowadays. 
There were bird reptiles and reptilian birds. Some had 
wings for flying with a spread of twenty-five feet—ver- 
itable dragons, in fact. Others, forty feet in length, 
had paddles for swimming like a whale’s. These latter 
lived in the seas, though occasionally they came on 
shore. It is known from their petrified droppings, 
which are plentifully found to-day, that they lived 
upon fish. One species dived to great depths in the 
ocean, and was most rapacious and predatory. It had 
enormous eyes to see with in deep water, its head re- 
semmbling an alligator’s. Another kind with a very 
long neck inhabited the shoals and preyed upon the 
fishes of the shallows. The first serpents, too, belonged 
in the sea and grew to be forty feet long. They had no 
poison, but were constrictors, like the boa. There were 
many kinds of crocodiles fifty feet from snout to tail, 
whereas the biggest ones now are not more than fifteen 
feet. During the same period lived the birds with teeth, 
which were only discovered a few yearsago. Biggest 


of these was the hesperornis, which stood six feet high, | j 


and had only rudimentary wings. It did not fly, there- 
fore, but was simply a swimmer and diver, subsisting 
on fish. The ichthyornis was somewhat similar in ap- 
Pearance and habits, but not much larger than a 
pigeon. It is supposed that these strange water fowl 
were wiped out by the giant swimming lizards, eighty 
feet long, and clad in bony armor plates, which resem- 
bled the modern conception of the sea serpent. The tur- 
tles should not be forgotten, which attained a length 
of twenty feet, and measured seven feet in height. 

“Itis not only the age of reptiles, however, that is 
represented by the unparalleled collection described. 
Before that came the epoch of fishes, when they ran 
the world and had all creation pretty much to them- 
selves. Of this era likewise the government has gath- 
ered together a vast quantity of fossil relics. The face 
of the earth did not look then at all as it appears now. 
Most of what are now called the continents had not 
beeu upheaved above the ocean; nearly everywhere was 
sea, with comparatively small land masses elevated out 
of it. The atmosphere was hot, moist, and loaded with 
carbonic acid, so as to be unbreathable. In the waters 
swain enormous armored fish, such as the dinichthys, 
which was fifteen feet longand had such tremendous 
jaws and teeth that it could have bitten a man in two 
4s easily as you would aradish. Later on came sharks 
of the fiercest type, which must have been as :nuch as 
seventy feet in length at least. The bi t tooth of a 
maneater of to-day is about an inch long, while the 
teeth of these ancient sharks, found in enormous nuw- 
bers, measure more than six inches. That was the 
golden age of the scaly tribe. 


“The giant reptiles that on the scene in 
the subsequent epoch were remarkable for the small- 
ness of their brain cavities. In some of them the brain 
was 80 small that it could have without injary 
through all the vertebra of the spinal column down 
as far as the beginning of the tail. All of them were 
wi out of existence by the great cataclysm which 
upheaved the Rocky Mountains, the Alps, and Hima- 
layas, and brought to a close the mesozoic epoch. Then 
came the age of mammals, at the end of which we are 
now, man being the last arrival on the scene. 

“The age of monsters pretty nearly has passed 
away, only afew remaining, like the elephant and the 
etn Small animals with plenty of sense will always 
survive stupid giants in the long run, because they re- 

uire less food and know better how to avoid danger. 

bserve in illustration how the doom of extinction has 
fallen upon the gigantic mammals which roamed over 
the earth by myriads a short a time ago, com- 
paratively speaking, as the beginning of the present 
era, called the cenozoic. There was the dinaceras, 
which lived in herds about the lakes, as the deposits 
show, big as an ———— but in appearance some- 
where between the rhinoceros and the hippopotamus, 
with three pairs of horhs on its head and huge saber- 
like tusks that fitted into sheaths in the lower jaw. 
More imposing yet was the tinoceras, somewhat simi- 
lar of aspect and sixteen feet long. Not less impressive 
was the megatherium or giant sloth, as large as two 
elephants, and which attained a measurement of 
olghteen feet, and procured the leaves on which it fed 
by seating itself u its mighty haunches and uproot- 
ing great trees. f the dinotherium no complete ske- 
leton has been discovered, but it was, doubtless, the 
biggest land mammal that ever lived. A full grown 
skull of this earliest of proboscidians, which had long 
tusks as well as trunk, measures five feet from the point 
of the lower teeth to the top of the head. The bron- 
tops, of elephantine size, had a head like a rhino- 
ceros, with huge horns. Quite as remarkable was 
the sivathorium, a beast like an antelope, big as an 
elephant, with two conical horns on the front of its 
head and two immensespreading ones behind. Among 
birds were waders ten feet in height, such as the dinor- 
nis and gastornis. Contemporary with them were the 
mammoth and the mastodon, the woolly rhinoceros, 
armadillos nine feet in length, and the saber-toothed 
tiger, larger than the greatest lion of to-day. Allthatis 
left of these wonders of animal life is found in deposits 
such as those of the Western lake beds. For years the 
government has been engaged in excavating their 
bones, which are now to make part of what is to be 
the greatest zoological show on earth.” 


SONG BIRDS. 


ACCORDING to local record, fifteen or twenty yeens 
ago the parks and gardens in the heart of Chicago 
abounded in song birds of brilliant plumage and varied 
notes. To-day these have generally disappeared, and 
in their places flocks of vulgar little English sparrows 
assail our ears with their harsh, scolding chirps. The 
smoke from ten thousand chimneys and smoke stacks 
has, no doubt, helped to weary our feathered prima 
donne of our presence, but a more potent influence in 
causing their disappearance has been the introduction 
of this foreign bird, which, as prolific as it is greedy 
and quarrelsome, by its numbers and its bad manners 
always drives the milder birds from any locality where 
it takes up its abode. Wherefore we commend our 
legislature for setting a bounty on their good-for- 
nothing little heads, and we hope for the addition of 
sparrow pie to the regulation restaurant bill of fare, 
to a in the extermination of this undesired in- 
truder. 

Our song birds are not wholly lost, however. They 
have simply retreated from the proximity of vitiated 
air, of roaring engines, of the street gamin with his 
slung shot, and the scolding and pugnacious house 
sparrows. If you will follow them to their retreats, 
you will find them there in force. There are many still 
eft in our larger parks—robins, catbirds, pewits, and 
wrens. Going farther from the city, to the quiet, 
wooded shelter of our cemeteries, you will find the oaks 
and maples there giving shelter to scores of songsters, 
warblers, finches, thrushes, and others. Some of the 
choicest of our singers, among them the veery and the 
song sparrow, may be heard in the quiet retreat of the 
reewetery of Rose Hill, while in the woods along Des- 
plaines River to the west, and the Fox River to the 
northwest, you may find the oven bird, the hermit 
thrush, with greenlets and tanagers besides. On the 
prairie are still to be heard the vesper sparrow and the 
meadow lark, while the gardens and orchards of our 
suburban towns abound in the more common birds— 
the catbirds, robins, orchard orioles, woodpeckers, and 


ays. 

he robin, known also as the red breast thrush, and 
in some localities as the American fieldfare, is the 
most familiar of the song birds in this latitude. Being 
larger than the English sparrow, he pays little atten- 
tion to the chattering intruder. He is a friendly bird, 
and if unmolested by malicious assanlts seems to pre- 
fer human proximity, and will build anywhcove, in trees, 
bushes, eaves of houses and barns, or (ho crotch of a 
fence. The robin is one of the earliest birds to return 
to us from the South, usually appearing in March, and 
his first song, though weak and unmusical, is always 
heard with pleasure, for it is the harbinger of spring. 
Practice improves this bird’s notes, and the cheer- 
fulness of this song largely makes up for its imperfect 
execution. The robins make their nests early in April, 
and always raise two broods in a season, sometimes 
three. The male and female robin are much alike in 
plamage. The head and neck are blackish, with 
streaks of white on the throat, the wing and tail 
are a dark slate color, and the breast is of a peculiar 
reddish ocher tint. The young in the first year are 
brownish gray, the breasts pale ocher. The robin is a 
greedy bird, and takes toll from the raspberry and cur- 
rant bushes, and a. from cherry trees, without 
conscience. Those who know the bird, however, do 
not find much fault with him, for they know that he 
has well earned his fruit feast by devouring the fruit 
spoilers, worms,and caterpillars. Professor Tread well, of 
Cambridge, once undertook to bring up several small 
robins. He found that to keep them from starving to 
death, it was necessary to allow them every day the 


equivalent of theirown weight in insect food or worms. 


Each little gourmand required daily sixty earth worms 
or average insects. 

The robin is really a thrush, and so is another 
familiar bird which vies with the robin in impudence 
and voracity—the cat bird. So also is a very pleasing 
songster, known to suburban dwellers—the brown 
thrasher. The name is usually confined, however, toa 
group of birds best known to us through their fine gift 
of song. They are the songsters, par excellence, of our 

ves. Four species of thrush—the wood thrush, the 

ermit thrash, Wilson’s thrush, and Swainson’s—can 

be observed with greater or less frequency in Cook 
Country every season. 

The wood thrush, also known as the bell thrush, the 
bell bird or the wood robin, is noticeably larger and 
richer in color than the others; is cinnamon brown 
above, tawny on the head, wings duller than the —! 
tail gray brown, breast white with a buff tinge, 
spotted with black. Every one who has haunted 
woods knows the song of this bird at least. It isa 
rich, bell-like melody of peculiar sweetness, a song 
which no one with any perception of musical sounds 
can ever forget after once hearing. This bird is almost 
identical with the song thrush of Eugland, and the 
mavis of Scotland, though its song is pronounced finer 
by critics. Like the Old World bird, he has the habit 
of singing his song through, then going back to the 
beginning and repeating it, note for note, exactly as at 
first. Of this, the poet Shelley says: 


““There’s the wise thrush, he sings each song twice 


over, 
Lest we should think he never could recapture 
His first fine careless rapture.” 


It may be remarked that the thrushes are all much 
alike, and that no one but a bird student can distin- 
guish between them. They are alike in outline, and 
all have browr backs, and breasts a dull white more 
or less spotted. But Wilson's thrush, also called the 
tawny thrush, has a distinct reddish tinge above, and 
Swainson’s thrush, also called the olive-backed, is 

lainly greenish, while the hermit thrush may always 

known by a reddish tail. All are similar in their 
movements, but differ most markedly in their song 
notes. 

Two of the handsomest song birds known are fre- 

uently seen near Chi the Baltimore oriole and 
the orchard oriole. The latter can be seen in any one 
of our cemeteries every season and in hundreds of 
suburban apple trees, but the Baltimore bird is only an 
occasional resident.; During the last summer, however 
a most beautiful specimen of the latter species in fall 
plumage was seen at Rose Hill. The orioles are nearly 
all natives of the New World, the genus including 
some magnificent tropical birds found in the Amazo- 
nian forests. ‘These birds all make hanging nests. That 
of the Baltimore bird is a purse-like pouch about seven 
inches — made of hemp and hay, closely woven 
and lined inside with horse hair and other soft sub- 
stances. The name of this bird was given to it because 
the colors of the plumage of the male bird—blaek and 
orange—were the livery of Lord Baltimore, the first 
Governor of Maryland. Itis also known as the golden 
robin, the fire bird, and the hang nest, and probably 
by other local names. The male does not have its per- 
fect and until he is three years old. 
Then his head and neck, back, wings, and two widdle 
tail feathers are a beautiful shining black, while the 
lower parts and the side feathers of the tail are a rich 
orange. The female is so different from the male that 
the casual observer would never suppose her to be of 
the same species. She is olive green, dull orange and . 
white. The young are like the female for the first two 
years of their life. The song of the Baltimore bird is 
a mellow whistle with a peculiarly mournful tone in 
it. Itis not short and quickly uttered as most bird 
whistles are, but is repeated by the bird as he moves 
among the branches searching for insects, with a care- 
less deliberation, like that of a boy whistling for his 
Own amusement. 

A survey of our familiar birds cannot fail to takein 
several native varieties of the sparrow. These are less 
known in our smaller parks than they were some years 
ago, but just a little outside of the circuit which the 
English bird has choseu to appropriate as his own they 
are still to be found in numbers. In the open land to 
the south and southwest of the city, and the locality 
once known as the Calumet Marsh, the greatest num- 
ber of varieties — be found. Nelson’s sparrow, a 
handsome little fellow with blue gray back and yel- 
lowish breast, was first observed by an ornithologist, 
some fifteen years ago, in that marsh. Of the sparrows 
that we know in the lake shore district generally, the 
fox sparrow, the song sparrow, the a billed field 
bird, and the tree sparrow, nest in close thickets or 
briar bushes; the vesper bird, the lark sparrow, the 
white throated, the chipping, and the swamp spar- 
rows, seek more open space. The two species whieh 
fraternize most kindly with the English sparrow are the 
chipping and white-throated sparrows. The latter is 
often known as the peabody bird from its note; it is 
one of the largest sparrows. The chipping sparrow is 
one of the smallest, is very tame, and has much the 
same note as the English sparrow, but is known from 
his foreign cousin by his lighter color and more agree- 
able manners. The field sparrow is known by his red 
bill. The sparrow has a back of ruddy brown 
striped with black. It has a white breast, with 
dark lines running down from the throat. The song 
of this bird is fine, and it sings a great deal; still, in 
vocal power it is —— by three other species—the 
fox, vesper, and lark sparrows. The last named isa 
bird found on prairie meadows having a growth of 
rank weeds, and also in corn fields. Its song is de- 
lightful, being a series of chants, every note rich loud, 
and clear, with thrills that would make Mwme. Patti- 
Nicolini turn green with en This sparrow is one of 
the few birds that will eat the potato bug, for which 
he is rewarded by being poisoned with Paris green. 

The sparrows are all hoppers and scratchers ; me 
do not walk orrun; they hop, and they scratch with 
both feet at once. They differ so little in size and 
in habits and appearance that the casual observer dis- 
tinguishes them apart more readily by their songs 
than by their plamage. But observation finds their 
individual differences very striking. 

The sparrow genus belongs to the large family of 
finches, in which is also classed the bunting 
We have three buntings in this locality—the ama 
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bird, the towhee and the blackthroat. Oddly enough, 
the firet pamed of these is indiscriminately styled blue 
linnet and green linnet in different localities. This is 
because the peculiar blue of its plumage, tinged with 
ultra-marine on the head, throat and breast, shades 
on the back toa bright verdigris green. The black- 
throat bird is the well known * Dick Cissel,” so called 
for his peeuliar song, and also kuown as the little 
field lark. This bird is gray and black with a yellow 
breast. Of the towhee bunting one should make par- 
ticular mention, for one seldom visits a wooded spot 
north or soath of the city and fails to hear his peculiar 
note. This bird has a whole badget of popular names, 
chewink, towink, jaree, ground robin, and turkey 
sparrow. The male of the species is a handsome bird 
with back, head, and throat a glossy black, and 
breast a clear white. The tail is black, edged with 
white. It lives usually in thickets and rank, tangled 
bushes, It keeps for the most part on or near the 
ground, and seratches among the leaves, like an old 
hen, for insects. It never flies far or high. You will 
notice it nost often hopping and sidling in and out 
through the bushes and brambles, with a nervous 
movement very like the sparrows, and often with its 
tail perked up after the manner of a wren. Every 
little while it will give its call, ‘“‘chewink,” with a 
pate of the last syllable. You cannot fail to 
now its note, and it has no other song. 

Seated under the spreading trees in Rose Hill Ceme- 
tery in the warm, still afternoons of June, we notice 
that song sparrow, thrush and oriole are quiet, weary 
with their morning warblings and oppressed with the 
summer's heat. Then through the windless air comes 
the soft note of the turtle dove, harmonizing far more 
in its exquisite, tender sadness with the atmosphere of 
the place than does the joyous melody of the other 
songsters. The dove is not, properly speaking, a song 
bird, but its note forms a part of every woodland 
chorus, This soft cooing note of the dove, the one by 
which we know it, is the one which it uses in wooing 
its mate. With us the bird usually nests in bushes; 
in the Southern States it builds on the ground, while 
in Arizona, we are told, it puts its nest on the 
thorniest cacti to protect it against venomous reptiles. 
The male dove is a beautiful bird. His head is bluish 
gray with a pecniiar ‘* bloom” or sheen on the feather, 
shading into cinnamon color on the throat, and change- 
able purple on the side of the neck. The breast is a 
purplish pink, shading to creamy buff below. The 
back and tail are bluish gray. The female is like the 
male, but with less blue tint, and the breast is brown. 
The young is still more brownish, and has no gloss on 
its feathers. All the adult birds have a distinct black 
spot beneath the ears; this does not appear in the 
young. 

A group of birds that must be mentioned because of 
their beautiful plamage and their familiar presence in 
our latitude is that of the woodpeckers, also vulgarly 
known as sap-suckers. Four species are well known 
here—the golden winged, the red headed, the hairy, 
aad the downy woodpeckers. 

The golden winged woodpecker, also called the yel- 
low hammer, is a familiar denizen of the suburbs. 
He is accused of eating the young corn, tearing off the 
bask and devouring the soft, milky kernels, also of 
spoiling the best apples and pears by thrusts of his 
greedy bill, and trath compels one to adinit that both 
counts are well sustained. Because of these depreda- 
tions, and being himself a dainty morsel for eating, he 
is a frequent victim of the sportsman’s gun. This bird 
builds its nest very high, hollowing out a place for it 
in the solid trunk of a tree, after the manner of all 
its species. The male and female birds work alter- 
nately at this task of digging out the wood, and so in- 
tent upon it do they become that they can be heard, 
during its progress, from the first peep of dawn until 
hours after dark, thumping like carpenters. From 
the situation of its nest, the yellow hammer is also 
known as the “‘high-hole.” It is also known in the 
Eastern States as the “ flicker,” among the Pennsyl- 
vania Dutch as the * yucker,” and as the * hittock” 
or the “ pi-ut” with the negroes in the South. These 
names have reference, no doubt, to its note, which is 
a call of two syllables, frequently repeated, and might 
be translated into almost anything. The yellow 
‘hammer is a handsome bird, with brown back, and 
wings brown on the upper part and bright yellow be- 
low. He has a red spot on the back of the head and a 
crescent-shaped spot of black on the throat. The 
breast is a yellowish white, with little spots of 
black. The female is like the male, but has much 
duller plumage. 

Every child in the land who has any knowledge 
whatever of the woods has seen the red-headed wood- 

necker. He is as much of a marauder as the yellow 
nammer, raiding the orchards and the corn fields, and 
his polite endeavors to pay for what he thus appro- 

riates by devouring borers and caterpillars are but 
mperfectly appreciated. The farmer peppers him 
with small shot and the farmer’s boy pelts him with 
stones. For all that, he is a gay, frolicsome fellow, 
and on soft June afternoons, when the Madam Wood- 
veckers are all brooding quietly in their nest holes, a 
nalf dozen of the male birds may be seen around the 
dead branches of some old tree, chasing each other 
through the air, now diving, now sailing aloft, ap- 

rently engaged in some sort of leap-frog yvame 
nown only to woodpeckers, making the air ring the 
while with their peculiar calls. Their note is shrill, 
not to say harsh, and is very much like that of the 
tree frog, for which it is often mistaken, This bird 
has the entire head and neck deep scarlet ; the upper 
part of the back, outer wing feathers and the tail are 
black. with a gloss of blue, and the lower part of the 
back or ramp, and the entire breast, are pure white. 
The female differs from the male only in being some- 
what smaller and having a less vivid plumage. 

Another bird known to every schoolboy. and claim- 
ing notice on the score of old acquaintanceship, if for 
nothing else, is the blue jay. This bird is a resident 
in our woods from Texas to Canada. His plamage is 
light purplish blue on the back, and beneath white, 
with a faint bluish tinge. He is a handsome bird, but 
his fine feathers make him no friends, for he isa worse 
marauder in cornfieid and orchard than the yellow 
hammer, and plunders the nests of small birds worse 
than the owl, devouring their eggs and tearing and 
eating the callow young. He has quite a talent for 
wimicry and cau imitate the cries of other birds, bat 


is best known by his own peculiar call, which is a 
loud ‘caw !” only less harsh than that of the crow; 
The jay can be tamed, and can be taught as many 
tricks as a magpie, even to articulate speech. 

We have charged the Huglish sparrow with being 
responsible for the disappearance of our smaller song 
birds from the onee favored haunts in the shade trees 
of our yards. But this pugnaeious bird, like the 
enemy of mankind, should be allowed his due. Bad 
as he is, he has not worked one-hundredth part of the 
evil that foolish fashion has done. He has bullied 
wrens, blue birds, lark sparrows, and other small 
songsters, until they have, for the sake of peace, 
moved on to spots less encumbered with his presence. 
But we owe it to the senseless and brutal desire of 
“gentle woman” to adorn her headgear with the dead 
bodies of these harmless little creatures that the tana- 
gers, the grosbeaks, the greenlets, the red polls, the 
humming birds, and other bright plumaged singers, 
once so numerous in this part of the State, are now 
only found in secluded localities ; that but one or two 
pair are seen even there, where formerly a dozen happy 
couples might have been found ; or, it may be, a par- 
ticular species only appears once in several years. 
The fact that the gunners dispatched on their wur- 
derous errand by a single New York wholesale milli- 
nery house sent north from Florida last winter 10,000 
of these slaughtered innocents solves the question of 
the disappearance of our song birds with terrible dis- 
tinctness.—Jnter Ocean. 


JACKSON PARK and Midway Plaisance—the Exposi- 
tion site—are in the southeastern part of Chicago, and 
embrace 666 acres, with a frontage of about a mile and 
a half on Lake Michigan. Forty-five miles of boule- 
vard connect the site with the general park system, 
which embraces fifteen or more parks, aggregating 
2,000 acres. .Facilities for reaching the Exposition 
grounds are to be inereased to an extent believed 
adequate to the enormous demands anticipated. 

The Exposition will open its doors to the public on 
May 1, 1893, and close them October 30 of the same 


year. 
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